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THE EFFECTS OF ABNORMAL STIMULATION ON 
THE JUDGEMENT OF VISUAL DIRECTION. 
Wi l l i am B . Templeton. 
A Thesis presented f o r the Degree o f 
Doctor o f Philosophy. 
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ABSTRACT. 
S p a t i a l l y o r i en tad behaviour i s t o a considerable extent 
c a l i b r a t e d by reference to s t imulus norms and i n v a r i a n t r e l a t i o n -
ships between inputs from d i f f e r e n t s t imulus channels. Three 
so r t s o f experimental d i s r u p t i o n o f these normal r e l a t i o n s h i p s 
i n the f i e l d o f d i r e c t i o n percept ion are examined and experiments 
are repor ted which attempt t o e luc ida te the mechanisms under ly ing 
the behavioural r eac t i on t o them i n humans. 
The f i r s t two examples concern the v i s u a l percept ion o f 
v e r t i c a l i t y and f r o n t a l plane t i l t . The f i r s t i s an examination 
o f Gibson's concept o f normal iza t ion and negative a f t e r - e f f e c t 
i n s p a t i a l dimensions. A review i s made o f several attempts t o 
subsume the behaviour which t h i s theory was designed t o expla in 
under more elementary p r i n c i p l e s . The most serious o f these 
attempts - t ha t o f Kohler and Wallach - i s the subject o f a ser ies 
o f experiments which are repor ted and from which i t i s concluded 
t ha t the attempt must be considered a f a i l u r e and tha t the pos t -
u l a t i o n o f some mechanism genuinely c h a r a c t e r i s t i c o f the s p a t i a l 
dimension i s requ i red to expla in the behaviour. 
The second issue i s the ro l e o f non-visual g r a v i t a t i o n a l cues 
i n the v i s u a l judgment o f the d i r e c t i o n o f g r a v i t y . The h i s t o r i c a l 
d ispute about the r e l a t i v e importance o f v i s u a l and pos tu ra l cues i s 
o u t l i n e d . Then a t t e n t i o n i s focussed on the c o n t r i b u t i o n o f the 
var ious types o f pos tu ra l cue and i t i s concluded tha t some 
i n v e s t i g a t o r s have se r ious ly mis in t e rp re t ed the r o l e o f v e s t i b u l a r 
in fo rma t ion* An experiment i s repor ted i n which the two main 
f a c t o r s known t o have d i s r u p t i v e e f f e c t s on s p a t i a l behaviour -
t i l t o f the v i s u a l f i e l d and t i l t o f the subject - are shown t o 
have t h e i r e f f e c t s considerably attenuated by the presence o f 
v e s t i b u l a r cues* 
The t h i r d example concerns the d i s r u p t i o n o f azimuth->oriented 
behaviour by m o d i f i c a t i o n o f the normal c o r r e l a t i o n between s p a t i a l 
i npu t s i n two m o d a l i t i e s . A c r i t i c a l s c r u t i n y i s made o f theor ies 
concerning the l o c a t i o n o f the adaptive change i n response t o 
such d i s r u p t i o n . A c o r o l l a r y o f one o f the theor ies - t ha t ac t ive 
movement i s necessary f o r adaptat ion - i s t es ted and r e j e c t e d i n 
a ser ies o f experiments, and these i n a d d i t i o n provide some evidence 
f o r an a l t e r n a t i v e theory . 
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1. 
INTRODUCTION. 
The a t t r i b u t i o n o f importance i n b io logy to concepts 
o f a na tu ra l balancing tendency or " e q u i l i b r i u m seeking" 
has been traced back at leas t as f a r as Hippocrates. 
Fo l lowing the stress l a i d by Bernard (1859) on "the con-
stancy o f the " m i l i e u i n t e r i e u r " Cannon*s (1932) concept 
o f homeostasis became a cen t r a l p r i n c i p l e i n the study o f 
l i v i n g systems and more r ecen t ly s i m i l a r ideas have gained 
currency i n the phys ica l sciences ( e . g . Wiener, 1948). ' 
I t i s scarcely s u r p r i s i n g that psychology has not 
remained immune t o these in f luences and indeed a measure 
o f t h e i r pervasiveness i s the suggestion by Fle tcher (1942) 
t ha t psychology should take over the p r i n c i p l e of home-
os tas i s as i t s own and the remark by Davis (1958) tha t 
t h i s p r i n c i p l e as a model f o r behaviour "presents i t s e l f 
i n r i v a l r y w i t h the time-honoured formula o f s t imu lus -
response". I t s c r i t i c a l importance i s apparent a l l the way 
from l o w - l e v e l demonstrations tha t e f f o r t modulation i s 
used to mainta in human performance f a i r l y constant i n d i s -
t r a c t i n g s i t u a t i o n s (C. G. Seashore, 1951) r i g h t up to the 
grand models of mo t iva t ion and personal i ty o f Freud, Lewin 
and the d r i v e - r e d u c t i o n l ea rn ing t h e o r i s t s . I t underpins 
the concept o f perceptual constancy and i s i m p l i e d by much 
ge s t a l f r i s t w r i t i n g on percept ion . 
2. 
I r r e s p e c t i v e o f the v a l i d i t y o f these app l ica t ions o f 
the p r i n c i p l e o f homeostasis, which have usual ly involved 
the idea o f a na tura l e q u i l i b r i u m which when i t i s d i s -
tu rbed , the organism seeks to r e - e s t a b l i s h , there can be 
l i t t l e doubt tha t i n the i n t e r a c t i o n of man at l e a s t , w i t h 
h i s sensory wor ld , many responses are s t ruc tured on the 
basis o f s a l i e n t poin ts on sensory dimensions o f p roper t i es 
o f ob jec ts w i t h high eco log ica l frequencies and o f normally 
i n v a r i a n t r e l a t i o n s among environmental va r i ab l e s . The 
importance of i n v a r i a n t r e l a t i o n s has been stressed most 
notably by Gibson (1957» 1966) whi le the most comprehensive 
study o f the s i g n i f i c a n c e o f norms or anchor po in ts i.n s.i.ngle 
dimensions has been c a r r i e d out over the l a s t twenty years 
by Helson (1964). 
Whether or not one wishes to view a l l mo t iv i a t ed be-
haviour as aimed at r e s t o r a t i o n o f an e q u i l i b r i u m , there 
i s no doubt tha t prolonged exposure t o devia t ions from sen-
sory norms o f a l t e r a t i o n s o f i n v a r i a n t sensory r e l a t i o n s do 
have important and c h a r a c t e r i s t i c consequences f o r behaviour. 
I t i s the purpose of t h i s d i s s e r t a t i o n to con t r ibu te a l i t t l e 
t o the e l u c i d a t i o n of the mechanisms whereby these behavioural 
consequences are produced i n the f i e l d o f s p a t i a l behaviour. 
Such e f f e c t s have been s tudied i n several areas o f s p a t i a l 
behaviour, f o r example the experiments o f Howard and Templeton 
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(1964a) and Gogol (1956) i n b inocular depth percept ion . 
But a t t e n t i o n w i l l here be focussed on the percept ion o f 
d i r e c t i o n . The f i r s t two examples involve the .judgement 
o f v i s u a l v e r t i c a l i t y . H i s t o r i c a l l y a d i s t i n c t i o n has been 
drawn between the e f f e c t s on ongoing behaviour of concurrent 
abnormal stimulation and those o f prolonged p r i o r abnormal 
s t i m u l a t i o n , but i t is questionable whether t h i s i s a f u n d -
amental d i s t i n c t i o n (see f o r example Ganz's 1966 theory o f 
f i g u r a l a f t e r - e f f e c t s ) . At any r a t e the f i r s t example con-
cerns the e f f e c t s o f concurrent abnormal v i s u a l s t i m u l a t i o n , 
the second those o f p r i o r abnormal v i s u a l and pos tu ra l 
s t i m u l a t i o n . The t h i r d ahd f i n a l example concerns the e f f e c t 
on azimuth d i r e c t i o n a l behaviour, s p e c i f i c a l l y f i n g e r p o i n t -
i n g to a v i s u a l t a r g e t , o f an abnormal r e l a t i o n s h i p between 
v i s u a l and motor-k inaes the t ic i n p u t s . 
I t should be stressed tha t the term "abnormal" here 
r e f e r s only to s t a t i s t i c a l dev i a t i on from an expected value 
without any i m p l i c a t i o n of a r t i f i c i a l i t y . Thus non-alignment 
o f the long axi s o f the body w i t h the d i r e c t i o n o f g r a v i t y 
i s abnormal whether i t i s induced by l y i n g on one's side or 
by spinning i n a c e n t r i f u g e , and poking about at the bottom 
o f transparent water w i t h the t i p o f a stack involves sen-
sory r e l a t i o n s h i p s j u s t as abnormal as those i n p o i n t i n g 
at a v i s u a l t a rge t whi le wearing d i sp l ac ing prisms. 
4. 
I : Normal izat ion and T i l t A f t e r - E f f e e t . 
Gravi ty i s the most s i g n i f i c a n t o f a l l the env i ron-
mental fea tures to which man o r i en t s h imse l f . Under normal 
condi t ions i t i s v i r t u a l l y constant, both i n s t rength and 
d i r e c t i o n and a f f e c t s p r a c t i c a l l y every aspect o f man's 
overt behaviour. 
Man has a mid-body axis which i s normally kept i n 
l i n e w i t h the d i r e c t i o n of g r a v i t y } any disturbance i s 
corrected by many complex pos tura l r e f l e x mechanisms. Thus 
r o t a t i o n o f the eyes or the head or the whole body i n the 
f r o n t a l plane i s a s i g n i f i c a n t s t imulus f a c t o r i n f l u e n c i n g 
o r i e n t a t i o n behaviour. Furthermore man l i v e s i n an env i ron-
ment o f ob.iects and surfaces which t y p i c a l l y main ta in a 
constant r e l a t i o n s h i p to g r a v i t y and provide a v i s i b l e frame 
o f reference f o r h i s behaviour. But t h i s frame may i t s e l f 
be t i l t e d , which adds a f u r t h e r s i g n i f i c a n t Va r i ab l e . 
Most i ' f not a l l behaviour d i r e c t l y i n v o l v i n g g r a v i t y 
can be reduced t o e i t h e r eye t o r s i o n , s e t t i n g or .judging 
the o r i e n t a t i o n o f the body or part o f the body w i t h respect 
t o g r a v i t y , or s e t t i n g or .judging the o r i e n t a t i o n o f an 
external l i n e w i t h respect to g r a v i t y e i t he r by s ight or 
by touch. I n the next chapter we s h a l l be concerned w i t h 
the v i s u a l vers ion o f the l a t t e r task and w i t h the c lose ly 
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r e l a t e d task, which may or may not involve g r a v i t y , o f 
s e t t i n g or judging an ex te rna l l i n e i n r e l a t i o n t o a body 
a x i s , i n t h i s case s e t t i n g a l i n o p a r a l l e l w i t h the mid-
body a x i s . We s h a l l be concerned w i t h the r e l a t i v e con-
t r i b u t i o n s to t h i s behaviour o f the v i sua l and pos tura l 
s t imulus determinants r e f e r r e d to above. This chapter on 
the other hand deals w i t h the way i n which v i s u a l g r a v i t -
a t i o n a l .judgments are in f luenced by the o r i e n t a t i o n o f 
l i n e s i n a previously exposed f i e l d . 
The s e t t i n g of a v i s u a l l i n e t o the apparent v e r t i c a l 
has been an extremely popular task among i n v e s t i g a t o r s ; 
under normal circumstances i t can be performed w i t h great 
accuracy, average unsigned devia t ions being t y p i c a l l y one 
degree or less , sen Howard and Templeton (1966, p . 179)t 
and r e l a t i v e l y small treatment e f f e c t s can thus eas i ly be 
detected. 
Gibson (1933) reported tha t a curved or bent l i n e -
segment s u f f e r s an apparent change dur ing continuous f i x a -
t i o n i n the d i r e c t i o n o f becoming s t r a i g h t , and t h e r e a f t e r 
an o b j e c t i v e l y s t r a i g h t l i n e appears curved or bent i n the 
opposite d i r e c t i o n . These phenomena were named "adaptat ion" 
and "negative a f t e r - e f f e c t " r e spec t i ve ly . Gibson avoided 
the term "successive con t ras t " because i t might imply an 
a f t e r - e f f e c t without the c o r r e l a t i v e adaptat ion which he 
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regards as the basic process invo lved . These f i n d i n g s were 
confirmed by Bales and Pollansbee (1935). Later i t .was 
demonstrated tha t s i m i l a r e f f e c t s can bo obtained using 
t i l t e d l i n e s , i . e . inspec t ion o f a l i n e t i l t e d somewhat 
from the v e r t i c a l or h o r i z o n t a l leads to a progressive 
lessening o f the apparent t i l t and to subsequent percept ion 
o f an o b j e c t i v e l y v e r t i c a l or h o r i z o n t a l l i n e as t i l t e d i n 
the opposite d i r e c t i o n (Vernon, 1934; Gibson and Radner, 
1937). I t must be noted tha t these adaptat ion e f f e c t s are 
only p a r t i a l : the discrepancy ( t i l t , curvature , e t c . ) 
decreases but does not disappear, reaching a pla teau a f t e r 
about two minutes. The B h i f t o f apparent t i l t may be about 
two or three degrees; a f t e r inspec t ion a ten degree l i n e 
looks eight degrees, two degrees looks v e r t i c a l and v e r t i c a l 
looks l i k e minus two degrees. The e f f e c t does not apply to 
the v i s u a l f i e l d as a whole but i s mainly l i m i t e d t o the 
region previous ly occupied by the s t i m u l u s - l i n e (Gibson, 
1937a). This l o c a l i z a t i o n i s said to show tha t the e f f e c t s , 
though analogous t o judgement-contrast, are not i l l u s i o n s 
o f judgement. They are also subject to i n t e r o c u l a r t r a n s f e r 
but again only between corresponding areas o f the two re t inae 
and i n t h i s case the magnitude o f the e f f e c t s i s reduced. 
7. 
Gibson looks upon shape (curvature) and d i r e c t i o n ( t i l t ) 
as the immediate sensory q u a l i t i e s of a l i n e and the phen-
omena under discussion he regards as analogous to eensory 
adapta t ion . He seeks an explanat ion i n the nature o f the 
perceptual process i t s e l f . I n support o f K o f f k a (1922) 
Gibson argues that every sense q u a l i t y f a l l s on a dimension 
o f some type and i t i B possible to speak o f a s t imulus and. 
a sensation only so long as one means a point on a scale . 
A sensory dimension i s f u n c t i o n a l l y " a l l o f a piece"} the 
ser ies i s "a d i s c r imina to ry u n i t " . 
Helson (1964) has demonstrated s i m i l a r e f f e c t s i n 
several other dimensions, i n c l u d i n g weight and br igh tness . 
When the subject i s asked t o categorize a series o f s t i m u l i 
he adopts a norm or i n d i f f e r e n c e poin t which i s usua l ly 
approximated by the geometric mean of the se r ies . But 
when he i s f r equen t ly exposed dur ing the series to a back-
ground st imulus t o which he does not have to respond and 
which deviates from t h i s norm, the norm i t s e l f tends to be 
s h i f t e d i n the d i r e c t i o n o f the anchoring s t imulus . 
But there are d i f f e r e n t types o f ser ies . Gibson's 
adaptat ion appl ies only t o "oppos i t ion ser ies" , i . e . Ben-
sory dimensions w i t h c e n t r a l l y placed "norms" or i n d i f f e r -
ence-* regions from which devia t ions i n e i t he r d i r e c t i o n 
mean increased i n t e n s i t y o f one o f the two opposed q u a l i t i e s 
represented on the dimension. Linear shape (curvature) and 
d i r e c t i o n ( t i l t ) are two such dimensions, independent o f 
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one another. The e f f e c t s are w e l l known i n the case o f 
sk in temperature. "Chromatic adaptation operates so as 
t o s h i f t the hue which i s evoked by any st imulus i n the 
d i r e c t i o n o f the complementary of the adapting s t imulus" 
(Troland, 1930). The f a c t s o f l i g h t and dark adaptat ion 
also f i t i n t o t h i s framework. I n the case o f movement 
the negative a f t e r - e f f e c t i s w e l l known and has been given 
d e t a i l e d study (Wohlgemuth, 1911; Sp ige l , I965) but 
Gibson (1937b) shows 'that adaptat ion also occurs; a 
moving s t imulus tends to slow down dur ing prolonged f i x a t i o n , 
i . e . , there i s an apparent s h i f t towards the norm o f mot ion-
lessness. Several o f these e f f e c t s have been demonstrated 
i n the t a c t i l e - k i n a e s t h e t i c modal i ty , by Gibson (1933) f o r 
curvature and by Thalman (1922) f o r movement. S p e c i f i c a l l y 
excluded are d is tance , d u r a t i o n , pressure, v i s u a l size and 
o l f a c t o r y i n t e n s i t y ; a l l examples o f " in tens ive ser ies" , 
i . e . , ones which vary from zero to an extreme i n one d i r e c -
t i o n on ly . 
The norms o f the oppos i t ion ser ies are def ined s t a t -
i s t i c a l l y as the most f requent and prolonged cond i t i on i n 
the organism's environment. Hor izon ta l and v e r t i c a l l i n e s 
are norms i n t h i s sense. Usually such norms correspond 
w i t h the norms o f the appropriate psychological dimensions, 
e . g . , o b j e c t i v e and apparent v e r t i c a l correspond c lose ly 
f o r most subjec ts . Hence, since these norms are anchoring 
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poin t s f o r the whole o f t h e i r respect ive dimensions, the 
s t imulus dimension and the sensory dimension co inc ide . 
With perception o f an abnormal q u a l i t y , however, a 
gradual s h i f t i n the correspondence between the two dimen-
sions occurs, tending to the point where the sub jec t ive 
norm corresponds to the present s t imulus . The ob jec t ive 
norm mut now correspond t o a point on the sensory scale 
somewhat displaced away from the o r i g i n a l s t imulus , e .g . , 
an o b j e c t i v e l y v e r t i c a l l i n e i s reported as t i l t e d away 
from the l i n e to which the subject has prev ious ly adapted. 
This cons t i tu t e s the negative a f t e r - e f f e c t , a mere by-
product o f the adaptation or normal iza t ion process. 
There are several oppos i t iona l dimensions o f v i s u a l 
space: (a) T i l t or r o t a t i o n of a l i n e from the v e r t i c a l 
or h o r i z o n t a l i n the f r o n t a l or s a g i t t a l plane; r o t a t i o n 
o f a l i n e i n the h o r i z o n t a l plane from the p o i n t i n g - s t r a i g h t -
ahead p o s i t i o n or from the f r o n t a l - p a r a l l e l p o s i t i o n . 
(b) T rans la t ion o f a po in t from the median plane to l e f t 
or r i g h t ; t r a n s l a t i o n o f a point from eye l e v e l up or down. 
(c ) Departure from s t ra ightness by curvature or bending i n 
the f r o n t a l plane or i n depth. The present discussion w i l l 
deal mainly w i t h t i l t i n the f r o n t a l plane. • 
Gibson does not put forward a phys io log ica l explanat ion 
though he suspects tha t the process i s " c h a r a c t e r i s t i c o f 
the whole p r o j e c t i o n system from end-organ to cor tex" . More 
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o f t e n ( e . g . , 1937b) ho 8ssB t h « adaptnt ion as a s t r i v i n g 
towards equi l ibr ium i n a f i e l d which includes both organism 
and environment, a process designed to keep the expoT-i.e-ntaiL-,.'-: 
norm coincident w i t h the norm o f externa l condi t ions - the 
s ta te which involves the least output o f ^n^rgy. 
Since the o r i g i n a l repor ts o f t i l t adaptation several 
attempts have been made, i n the i n t e r e s t s of parsimony, to 
demonstrate tha t i t does not requ i re a separate p r i n c i p l e 
but can ra the r be explained e i t he r as a by-product o f another 
process, such as eye- tors ion or size-constancy sca l ing or 
as a specia l case o f another phenomenon, notably v i s u a l -
frame s h i f t s , simultaneous contrast or * f i g u r a l a f t e r - e f f e c t s . 
The f i r s t f o u r o f these attempts w i l l be b r i e f l y discussed, 
then the f i n a l one - tha t o f the s a t i a t i o n t h e o r i s t s - w i l l 
be analysed i n more d e t a i l and several experiments re levant 
t o i t s eva lua t ion w i l l be repor ted . 
11. 
T i l t adaptat ion and eye - to r s ion . 
Ogle (1950) suggested that t i l t adaptation might be 
due t o the eye's r o t a t i n g about the v i s u a l axis i n an 
attempt t o keep the normally v e r t i c a l meridian o f the 
r e t i n a p a r a l l e l w i t h the main l i n o s o f the v i s u a l f i e l d , 
which are now t i l t e d . V e r t i c a l l i n e s subsequently presented 
before the eyes have t ime to r e t u r n to t h e i r normal o r i e n -
t a t i o n w i l l s t imula te n o n - v e r t i c a l r e t i n a l meridians and 
w i l l be .judged accordingly . Howard and Templeton (1964b) 
t es ted t h i s theory by measuring the t o r s i o n a l p o s i t i o n o f 
the eye before and a f t e r the subject had inspected a 10° 
t i l t e d l i n e f o r ten seconds. The measuring technique used 
could r e l i a b l y record movements o f 0 . 2 ° , yet no s i g n i f i c a n t 
change o f t o r s i o n a l p o s i t i o n could be detected which was i n 
any way r e l a t e d to the o r i e n t a t i o n o f the s t imulus l i n e . 
Under the same condi t ions of v iewing t i l t a f t e r - e f f e c t s o f 
about two degrees were recorded from the same sub jec t s . 
I t has been known f o r some time tha t v i s u a l ob jec ts 
r o t a t i n g i n the f r o n t a l plane about the v i s u a l axis induce 
eye t o r s i o n i n the same d i r e c t i o n (Noj i . , 1929; Brecher, 1934) 
Howard and Templeton confirmed t h i s e f f e c t , recording a 
maximum t o r s i o n o f 1.3°i but f a i l e d t o f i n d any d i f f e r e n c e 
depending on whether the l i n e rotated?way from or towards 
the v e r t i c a l . .They concluded tha t the v e r t i c a l has no 
specia l s i g n i f i c a n c e f o r eye movements. 
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Greenberg (I96O) has claimed tha t a s t a t ionary t i l t e d 
frame does induce eye- tors ion but even i f t h i s i s t r u e , and 
Greenberg's measurement procedure involved a moving l i n e 
which may have contaminated h i s r e s u l t s , Howard and Templeton 
have c e r t a i n l y demonstrated t i l t adaptat ion i n condi t ions 
where t o r s i o n does not occur. 
13. 
Size-constancy sca l i ng . 
Although not d i r e c t l y concerned w i t h t i l t adaptation 
Coren and Fest inger 'B (1967) c o n t r i b u t i o n i s too important 
t h e o r e t i c a l l y to be omit ted from the present d iscuss ion. 
I t has always seamed a puzzle tha t normal iza t ion and t i l t 
a f t e r - a f f e c t should be processes whereby percept ion changed 
over time i n the d i r e c t i o n o f n o n - v i r i d i c a l i t y . This con-
t r a s t s w i t h the case o f o p t i c a l i l l u s i o n s , which t y p i c a l l y 
tend t o disappear over t ima . Than Coran and Fest inger 
suggested what i n re t rospect saams an obvious a l t e r n a t i v e 
i n t e r p r e t a t i o n - curves, t i l t e d l i n e s * t c , i n i t i a l l y appear 
more deviant from t h e i r norm than they r e a l l y are and 
normal iza t ion i s a t r u l y adaptive reduc t ion o f t h i s excess 
d e v i a t i o n , . w i t h the a f t e r - e f f e c t on the norm i t s e l f an 
admit tedly n o n - v i r i d i c a l by-product . I n f a c t t h e i r argument 
i s presented wholly i n the context o f curvature adaptation 
ra the r than t i l t . 
They overcame the problem o f measuring how curved a 
curved l i n e looks by matching the height ( t i p to t i p ) and 
the width (apex to midpoint o f an imaginary l i n e . jo ining 
the t i p s ) against va r i ab l e s t r a i g h t l i n e s presented nearby. 
The r e s u l t s confirmed tha t the w id th o f the curve was 
i n i t i a l l y overestimated and over t ime tended to become more 
c o r r e c t l y estimated, whereas the height estimates remained 
approximately correct throughout. I t was suggested tha t 
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the reason f o r the i n i t i a l excessive apparent curvature was 
tha t the f i g u r e was judged to "be ro ta t ed i n depth - ju s t as 
the Fonzo f i g u r e ' s converging s t r a i g h t l i n e s are taken to 
be p a r a l l e l l i n e s receding i n depth so a curve i s taken to 
be a curve of smaller radius ro ta ted i n depth so tha t the 
t i p s of the curve are the par ts c losest to the sub.iect. 
The analogy was tes ted by the method which has become fam-
i l i a r i n the context o f the constancy theory o f i l l u s i o n s -
a b i n o c u l a r l y viewed l i g h t was matched i n depth t o various 
par t s o f a monocularly viewed luminous curve. The r e s u l t s 
confirmed tha t the t i p s were judged s i g n i f i c a n t l y c loser 
than the res t of the f i g u r e and moreover the amount o f 
r o t a t i o n i n d.epth was approximately the amount requi red t o 
account f o r the apparent change i n radius o f curvature when 
the i l l u s i o n had been measured. 
This i s the most s t r i k i n g development i n t h i n k i n g about 
normal iza t ion f o r many years and i t could be appl ied t o the 
bent l i n e e f f e c t s w i t h even more a p r i o r i p l a u s i b i l i t y than 
to curvature . But the t i l t e d l i n e e f f e c t s present more o f 
a problem. On the t h e o r e t i c a l side there i s no obviouB 
bias i n a t i l t e d l i n e towards one p a r t i c u l a r depth i n t e r -
p r e t a t i o n . One could argue on eco log ica l grounds tha t most 
t i l t e d proximal s t i m u l i are p ro j ec t i ons of a c t u a l l y h o r i z o n t a l 
l i n e s and that s t r u c t u r a l v i s u a l environment tends to occur 
below ra ther than above eye l e v e l , so that the tops o f 
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t i l t e d l i n e s should be .judged as f a r t h e r away than the 
bottoms. Nevertheless i t i s d i f f i c u l t t o see what e f f e c t 
such a depth i n t e r p r e t a t i o n would have on .iudgementB o f 
f r o n t a l - p l a n e t i l t . One might deduce tha t t i l t e d l ineB 
should be judged t o be cloBer to the h o r i z o n t a l and whi le 
t h i s might cov«r normal iza t ion to the v e r t i c a l i t could not 
account f o r the apparently very s i m i l a r normal iza t ion to 
the h o r i z o n t a l . 
On the experimental side there are also d i f f i c u l t i e s 
i n measuring the change i n apparent t i l t o f a l i n e over 
t ime , c h i e f l y the f a c t that any other l i n e used i n the 
measurement procedure may i t s e l f i n f l u e n c e the e f f e c t . I n 
t h i s l abora tory attempts have been made t o use an o u t l i n e 
c i r c l e ( r a d i a l l y symmetrical and the re fo re presumably 
i n e f f e c t i v e ) centred on the midpoint o f th9 t i l t e d l i n e . 
The subject matches the diameter o f the c i r c l e to the 
h o r i z o n t a l distance between the ends o f the l i n e . Results 
so f a r have been equivocal and the task iB c l e a r l y a d i f -
f i c u l t one. 
At present the conclusion must be tha t there i s l i t t l e 
prospect o f extending a three-dimensional explanat ion t o 
the t i l t e f f e c t s , and pending c o n f i r m a t i o n of Fes t inger ' s 
r e s u l t s w i t h curved l i n e s i t would seem prudent to continue 
to assume tha t a l l o f the Gibson e f f e c t s have a common 
explanat ion . I t w i l l be i r o n i c i f the b e n t - l i n e e f f e c t , 
prev ious ly thought to be a special case o f the t i l t a d -
l i n e e f f e c t , turns out to b«> a mani fes ta t ion o f the same 
mechanism as the curved- l ine e f f e c t , and qu i te d i f f e r e n t 
from the t i l t e d l i n e e f f e c t . 
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T i l t adaptat ion and s h i f t s o f the v i s u a l frame. 
There i s c l e a r l y at leas t a s u p e r f i c i a l resemblance 
between Gibson's t i l t adaptat ion and the repor t s by 
Wertheimer and by W i t k i n t ha t o p t i c a l l y t i l t e d rooms 
appear to r i g h t themselves a f t e r a per iod o f observat ion . 
On the other hand Gibson, Held, Morant and others have 
pointed to important d i f f e r e n c e s . I n the f i r s t place 
adaptat ion i s usual ly only about two or three degrees, 
whereas frame s h i f t s may be complete f o r angles up to 
about 25° (Wertheimer, 1912; W i t k i n , 1949b; B e l l a r and 
Morant, 1963). 
Secondly, Gibson claimed tha t adaptation was l a r g e l y 
r e s t r i c t e d to the s i t e o f the inspec t ion f i g u r e whereas i t 
i s general ly thought tha t frame e f f e c t s t r a n s f e r to a l l 
pa r t s o f the v i s u a l f i e l d . I n f a c t , ne i ther o f these 
statements i s beyond d i spu te . The experiment used by 
Gibson to conf i rm the r e s t r i c t e d nature o f h i s e f f e c t 
invo lved the inspec t ion o f three l i n e B side by s ide , two 
v e r t i c a l l i n e s and a middle one which was t i l t e d . Of 
three v e r t i c a l t e s t l i n e s i n corresponding p o s i t i o n s , only 
the middle one appeared t i l t e d . Korant and Hikael ian . (1960) 
poin t out tha t t h i s demonstrates only that d i f f e r e n t inspec-
t i o n l i n e s can produce d i f f e r e n t i a l e f f e c t s i n d i f f e r e n t 
pa r t s o f the f i e l d , not tha t the a f t e r - e f f e c t i s r e s t r i c t e d 
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to the par t o.f the f i e l d corresponding t o the p o s i t i o n of 
the inspec t ion f i g u r e . S i m i l a r l y they i n t e r p r e t Gibson's 
f a i l u r e to observe an a f t e r - e f f e c t i n a t e s t f i e l d con-
s i s t i n g o f an ordinary room only as evidence tha t the 
a f t e r - e f f e c t does not manifest i t s e l f when a s t rong v e r t i c a l -
h o r i z o n t a l frame o f reference i s present. They reported 
t h e i r own experiment i n which a t i l t e d , i n s p e c t i o n - l i n e and 
a v e r t i c a l t e s t - l i n e were exposed e i t h e r i n the same l o c a t i o n 
or i n d i f f e r e n t l o c a t i o n s , seven degress o f v i s u a l angle 
apar t . The two condi t ions produced a f t e r - e f f e c t s o f 1 .52° 
and 1 .09° r e spec t ive ly , demonstrating a considerable degree 
o f t r a n s f e r over t h i s short distance at l e a s t . Morant and 
Mikae l ian neglected to mention another experiment o f Gibson 
(1933) i n which he found 25$ t r a n s f e r o f a- curvature a f t e r -
e f f e c t over 5*7° o f v i s u a l angle. Gibson's claim was tha t 
most o f the e f f e c t , not a l l o f i t , i s l o c a l i z e d . 
Nor i s there any evidence tha t frame s h i f t s do i n f a c t 
t r a n s f e r to a l l par ts of the r e t i n a . The experiment sub-
j e c t i n g h a l f the r e t i n a to prism d i s t o r t i o n w i t h the other 
h a l f blanked out has yet to be done. I n shor t , w i t h ne i the r 
h a l f o f the necessary argument es tabl ished, a r « a l r e s t r i c -
t i o n cannot be used, to separate t i l t a f t e r - e f f e c t s from 
v i sua l - f rame s h i f t s . 
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A f u r t h e r apparent d i f f e r e n c e between the two sots 
o f phenomena l i e s i n the supposed dependence o f v i s u a l -
frame s h i f t s on ac t ive locomotion and manipulat ion dur ing 
i n s p e c t i o n . Mikae l lan and Held (1964) f o r example reported 
an experiment i n which subjects wearing r o t a t i n g prisms 
moved about e i the r a c t i v e l y or passively i n a hallway i n 
which cues t o the prism-induced d i s t o r t i o n could be cam-
ouflaged by means of luminous spheres. Passive inspec t ion 
produced a Gibson-type af t Q r - e f f ect i n the ordinary hallway 
but not when the spheres were present. Ac t ive inspec t ion , 
on the other hand, produced large e f f e c t s i n both cond i t ions , 
almost the f u l l 20° o f prism r o t a t i o n i n the case o f the 
ordinary hal lway. S i m i l a r l y Rekosh and Held (1963) and 
Held and Rekosh (19^3) found tha t under c e r t a i n condi t ions 
ac t ive movement may be requi red t o induce curvature a f t e r -
e f f e c t s . 
Thus there i s no doubt that ac t ive movement i s an 
important f a c t o r i n these s i t u a t i o n s and i t may a c t u a l l y 
be necessary f o r adaptat ion to large r o t a t i o n s o f the 
f i e l d o f view. On the other hand, Wertheimer, XojS&kR and 
W i t k i n a l l reported complete or almost complete adaptat ion 
t o la rge r o t a t i o n s apparently without any need f o r ac t ive 
movement. The s o l u t i o n may emerge from a c loser analysis 
o f the nature and amount o f ac t ive movement which i s s i g -
n i f i c a n t , and i t may appear tha t such movement could eas i ly 
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have occurred spontaneously i n the c l a s s i c a l experiments. 
This issue appears a more l i k e l y one to separate t i l t 
a f t e r - e f f e c t s from frame s h i f t s . 
F i n a l l y i t i s c lear from Gibson's theory tha t t i l t 
adaptat ion should be absent f o r some i n s p e c t i o n - l i n e 
o r i e n t a t i o n intermediate between v e r t i c a l and h o r i z o n t a l . 
(The precise l o c a t i o n o f t h i s n u l l po in t w i l l be considered 
l a t e r ; i t i s not important f o r the present d i scuss ion . ) 
Gibson and Radnar (1937) and Culbert (1954) found that t h i s 
was the case although Kohler and Wallach (1944) d i d n o t . 
On the other hand, frame s h i f t s t y p i c a l l y invo lve f i e l d s 
o f f a m i l i a r normally v e r t i c a l ob.iects and there i s no reason 
f o r the e f f e c t to reverse at any o r i e n t a t i o n ; indeed 
Werthe'imer obtained the o r i g i n a l e f f e c t w i th a f i e l d t i l t e d 
4 5 ° . As would be expected from t h i s ana lys is , 45° t i l t o f 
a f i e l d o f ob jec ts a f f e c t s the apparent v e r t i c a l i t y o f a 
l i n e whereas s i m i l a r t i l t o f a f i e l d of p a r a l l e l s t r a i g h t 
l i n e s does not (Morant and B e l l e r , I965) . S i m i l a r l y the 
two f i e l d s when t i l t e d 15° produce congruent e f f e c t s whi le 
at 75° "they produce opposed e f f e c t s : a f i e l d o f l i n e s 
adapts to the nearest main ax is t a k i n g a l l other l i n e o r i e n -
t a t i o n s i n the same d i r e c t i o n , whi le a f i e l d o f normally 
up r igh t ob jec t s always adapts t o the v e r t i c a l . 
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I n summary then, the balance o f evidence would favour 
t r e a t i n g t i l t adaptat ion and frame s h i f t s as d i f f e r e n t 
phenomena, the former being a small e f f e c t o f inspec t ion 
o f t i l t e d l i n e s whose d i r e c t i o n i s determined by the nearest 
main axis and whose magnitude i s not increased by ac t ive 
movement, the l a t t e r a large and u n i - d i r e c t i o n a l e f f e c t o f 
in spec t ion o f a ro ta ted f i e l d o f f a m i l i a r mono-oriented 
ob j ec t s , whose magnitude may be increased by ac t ive move-
ment. 
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T i l t adaptat ion and simultaneous con t ra s t . 
Apart from the temporal f a c t o r there appears to be a 
s t rong analogy between t i l t adaptat ion and the well-known 
a l t e r a t i o n i n apparent t i l t s u f f e r e d by a v e r t i c a l l i n e 
which i s superimposed on a f i e l d o f p a r a l l e l t i l t e d l i n e s 
(Hoffmann and Bmlsbhowsky, 1909; Krantz , 1936jKleint, 1936). 
This analogy would be even stronger i f i t were accepted 
t ha t the t i l t a f t e r - e f f e c t i s a spec ia l case o f the f i g u r a l 
a f t e r - e f f e c t , as a s t rong case has recen t ly been made f o r 
regarding . f i g u r a l a f t e r - e f f e c t s and simultaneous contras t 
as manifes ta t ions o f the same basic process, w i t h a f t e r -
images p r o v i d i n g the temporal l i n k (Taylor , 1962; Oanz, 1966). 
Despite Gibson's emphatic den ia l t ha t h i B e f f e c t s were 
the same as simultaneous contrast a l l the evidence he c i t e s 
i n f a c t tends to strengthen the analogy. I f the a f t e r -
e f f e c t s were due to af ter- images o f the i n s p e c t i o n - f i g u r e 
i t would be expected tha t t h e i r s t rength would depend on 
the l eng th o f the inspec t ion pe r iod , and would never be as 
great as tha t o f the simultaneous e f f e c t s . Nor i s i n t e r o c u l a r 
t r a n s f e r o f the e f f e c t s good evidence against the af ter- image 
theory since monocular af ter- images pe r s i s t when the a f f e c t e d 
eye i s shut and may in f luence the appearance o f s t i m u l i seen 
w i t h the other eye. 
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I f , on the other hand, the independence o f t i l t 
adaptat ion from f i g u r a l a f t e r - e f f s e t s could he establ ished 
i t would be much more p laus ib le that they were also inde-
pendent o f simultaneous con t ras t , w i t h the l a t t e r s t i l l 
perhaps p rov id ing the mechanism under lying f i g u r a l a f t e r -
e f f e c t s . 
I f , on the other hand, t i l t adaptation i s eventual ly 
shown to be r e l a t e d to simultaneous contrast then a new 
explanat ion f o r the l a t t e r phenomenon recen t ly advanced 
by Brosgole and C r i s t a l (1967) would become re levant to 
t i l t adaptat ion. These authorB are a c t u a l l y w r i t i n g about 
the "rod-and-frame e f f e c t " i n which a t i l t e d v i s u a l frame 
surrounding a v i s u a l l i n e a f f e c t s i t s apparent o r i e n t a t i o n . 
Th is phenomenon w i l l be considered i n more d e t a i l i n the 
next chapter where i t i s used as an index o f the e f f e c t i v e -
ness o f g r a v i t a t i o n a l cues, but__i_t seems i n d i s t i n g u i s h a b l e 
from simultaneous t i l t contrast and the suggested explanat ion 
o f the rod-and-frame e f f e c t can be assumed t o apply also to 
the l a t t e r e f f e c t . 
Brosgole and C r i s t a l repor t a ser ies o f experiments 
designed to show tha t the rod-and-frame e f f e c t can be 
analysed as a series o f apparent l i n e a r displacements o f 
segments o f the ta rge t l i n e i n a manner s i m i l a r to the 
Roelofs (1935) e f f e c t o f the azimuth p o s i t i o n o f a background 
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on the apparent median plane. I n these experiments the 
ta rge t v e r t i c a l l i n e consisted only o f two t e rmina l po in t s , 
and each poin t was accompanied by a frame c o n s i s t i n g o f 
two short v e r t i c a l l i n e s , as shown i n F i g . L L . The two 
frameB were o f f s e t so tha t imaginary l i n e s . jo in ing the 
centres o f t h e i r cons t i tuent l i n e s would be p a r a l l e l and 
t i l t e d l i k e a W i t k i n frame. I n one cond i t i on both poin ts 
and both frames were simultaneously v i s i b l e and the subject 
adjusted the points to apparent v e r t i c a l i t y ; i n the second 
c o n d i t i o n the poin ts were adjusted to the apparent s t r a i g h t 
ahead s ing ly i n a l t e r n a t i o n , each bounded by i t s own frame 
only , - so tha t the d i sp lay on any one t r i a l lacked any t i l t 
component. Th*»y found that the r e s u l t i n g constant e r rors 
were s i m i l a r i n magnitude and d i r e c t i o n i n the two condi t ions 
and were s i g n i f i c a n t l y co r re l a t ed over subjec ts . They also 
showed tha t w i t h a conventional W i t k i n rod-and-frame the 
usual e f f e c t was s i g n i f i c a n t l y reduced i f the frame was 
surrounded w i t h an annulus, thereby tending to e l imina te 
the condi t ions f o r the Roelofs e f f e c t but l eav ing the t i l t 
c h a r a c t e r i s t i c s o f the s i t u a t i o n unchanged. T h i r d l y , t i l t 
could be removed by having the frame s lowly o s c i l l a t e 
v e r t i c a l l y behind a narrow h o r i z o n t a l s l i t whi le the subject 
continuously maintained a ta rge t poin t at the apparent 
s t r a i g h t ahead. The r e s u l t s were s i m i l a r when the h o r i z o n t a l 
s l i t was removed so tha t the whole o f the o s c i l l a t i n g t i l t e d 
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F i g . 1.1 Stimulus displays used by Brosgole and C r i s t a l (1967). 
A. Rod-and-frame without t i l t component. 
B . Conventional rod-and-frame. 
C. V e r t i c a l l y o s c i l l a t i n g frame and target po in t . 
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frame was continuously v i s i b l e . F i n a l l y they found tha t 
the rod-and-frame e f f e c t was s i g n i f i b a n t l y greater i f the 
rod was confined t o the lower h a l f o f the v i s u a l f i e l d than 
i f i t was i n the upper h a l f o f the f i e l d , so that the best 
f i t f o r the apparent u p r i g h t , as generated, by a t i l t e d 
frame, i s a bent ra ther than a s t r a i g h t l i n e - a s i t u a t i o n 
which would be d i f f i c u l t t o p red ic t from theor ies i n v o l v i n g 
a general t i l t i n g o f v i s u a l space. 
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T i l t adaptat ion and . f i g u r a l a f t a r - e f f a c t s . 
K&hler and Wallach (1944) considered tha t Gibson's 
adaptat ion e f f e c t s were a specia l case of a broader class 
o f e f f e c t s based on a mechanism which they c a l l e d s a t i a t i o n . 
This theory depends on an " e l e c t r o t o n i c " spread o f the 
s t r i a t e - c o r t e x process produced by an inspected s t imulus , 
which s h i f t s the peak a c t i v i t y induced by a subsequently 
presented t e s t st imulus and hence produces an apparent 
r epu l s ion of the l a t t e r away from the l o c a t i o n of the 
inspec t ion s t imulus . There have been several a l t e r n a t i v e 
t h e o r e t i c a l formuWions (Osgood.and Heyer, 1952J Tay lo r , 
1962) but the p red ic t ions are s i m i l a r and the basic phen-
omena are w e l l es tabl ished (McEwen, 1958)• 
There i .R a t h e o r e t i c a l problem as to whether s a t i a t i o n 
can -'sfcTsftji.L^'litforwardly p red ic t a change i n apparent o r i e n -
t a t i o n of a t e s t l i n e which in t e r sec t s the t race o f a 
p rev ious ly inspected l i n e . A s t r a i g h t f o r w a r d a p p l i c a t i o n 
o f the displacement p r i n c i p l e would suggest tha t as one 
t r a v e l l e d along the t e s t l i n e s t a r t i n g at i t s i n t e r s e c t i o n 
w i t h the inspec t ion l i n e the degree o f displacement should 
increase repa id ly to a maximum and then t a i l o f f s lowly to 
a poin t of zero displacement at some distance from the 
i n t e r s e c t i o n . But i f the t e s t l i n e i s to remain apparently 
s t r a i g h t and be apparently displaced away from the inspec t ion 
l i n e than o f course i t must s u f f e r an increas ing l i n e a r 
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displacement over i t s whole l e n g t h r a t h e r t h a n a decreasing 
displacement over most of i t s l e n g t h . I t would thus only 
be by c o n c e n t r a t i n g on a s h o r t segment c l o s e r t o t h e i n t e r -
s e c t i o n t h a t an i n c r e a s e i n apparent angular s e p a r a t i o n 
c o u l d be p r e d i c t e d from t h e displacement p r i n c i p l e . But 
o f course i t may be .just t h i s segment which i s c r i t i c a l i n 
.judging t h e o r i e n t a t i o n o f t h e l i n e . The i s s u e can be 
c l a r i f i e d o n l y by f u r t h e r research. 
However, i f one makes t h e ncrmal assumption t h a t the 
s a t i a t i o n mechanism can produce t h e r e q u i r e d change i n 
o r i e n t a t i o n o f a t e s t l i n e t h e r e are s t i l l a number o f 
p o s s i b l e o p e r a t i o n a l t e s t s o f t h e c l a i m t h a t s a t i a t i o n can 
account w h o l l y f o r the Gibson e f f e c t s . These are u s u a l l y 
t r e a t e d as separate i s s u e s but they r e s o l v e u l t i m a t e l y t o 
t h e q u e s t i o n o f how t h e e f f e c t v a r i e s as a f u n c t i o n o f t h e 
o r i e n t a t i o n o f t h e t e B t l i n e and t h e i n s p e c t i o n l i n e . The 
o r i e n t a t i o n o f t h e i n s p e c t i o n l i n e w i l l be considered f i r s t . 
T h i s i s s u e concerns t h e s p e c i a l s i g n i f i c a n c e o f t h e 
norm i n Gibson's t h e o r y . No n o r m a l i z a t i o n can be expected 
when a v e r t i c a l l i n e i s i n s p e c t e d and t h e r e f o r e no a f t e r -
e f f e c t on t h e apparent o r i e n t a t i o n o f a t i l t e d l i n e can be 
expected. Under s a t i a t i o n t h e o r y , on t h e o t h e r hand, such 
e f f e c t s Bhould be symmet r i c a l , i n s p e c t i o n o f a v e r t i c a l 
l i n e h a v i n g as much e f f e c t on a t i l t e d t e s t l i n e as inspec-
t i o n o f a t i l t e d l i n e on a v e r t i c a l t e s t l i n e , s i n c e 
t h e c r i t i c a l v a r i a b l e i s simply t h e angular s e p a r a t i o n 
between t°st and i n s p e c t i o n l i n e s and no s p e c i a l s t a t u s 
i s ascribed, t o any p a r t i c u l a r o r i e n t a t i o n . Hence any 
apparent r e p u l s i o n o f a t i l t e d t e s t l i n e by a v e r t i c a l 
o r h o r i z o n t a l i n s p e c t i on l i n e can o n l y be a- f i g u r a l a f t e r -
a f f e c t whereas b o t h t h e o r i e s p r e d i c t an apparent r e p u l s i o n 
o f a v r t i G a l or h o r i z o n t a l l i n e by a t i l t e d i n s p e c t i o n l i n e . 
I t f o l l o w s t h a t i f t h e t i l t a f t e r - e f f e c t does occur as an 
independent process t h e two e f f e c t s may combine i n t h e 
second case t o g i v e a l a r g e r a f t e r - e f f e c t t han t h a t observed 
i n t h e f i r s t case. I f on t h e o t h e r hand t h e f i g u r a l a f t e r -
e f f e c t i s t h e o n l y process t h e n the e f f e c t s i n t h e two cases 
s h o u l d be t h e same s i z e . 
KOhler and Wallach (1944) c a r r i e d out t h i s experiment 
and found t h a t w i t h two l i n e s , one v e r t i c a l ( o r h o r i z o n t a l ) 
and t h e o t h e r t i l t e d 1 0 ° from t h e v e r t i c a l ( o r h o r i z o n t a l ) 
i t made no d i f f e r e n c e t o t h e s i z e o f t h e apparent d i s p l a c e -
ment which was made i n s p e c t i o n - and which t e s t - f i g u r e . 
However, they used o n l y one sub.ject apart from themselves, 
and i n view o f the t h e o r e t i c a l importance o f t h e i s s u e t h e 
experiment was repeated on a l a r g e r scale and i s r e p o r t e d 
as experiment l . ( a ) . 
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On t h e q u e s t i o n o f t h e o r i e n t a t i o n o f t h e t e s t l i n e 
i n t e r e s t has focussed p r i n c i p a l l y on t h r e e p o i n t s . Given 
an i n s p e c t i o n l i n e t i l t art somawhat from t h e v e r t i c a l what 
i s i t s e f f e c t on ( a ) a t e s t l i n e i d e n t i c a l t o t h e i n s p e c t i o n 
l i n o . , ( b ) a t e s t l i n e somewhat mora t i l t e d t h a n t h e i n s p e c -
t i o n l i n e , and (o) a h o r i z o n t a l t e s t l i n e ? 
The case where t e s t and i n s p e c t i o n l i n e s are i d e n t i c a l 
i s t h e case o f n o r m a l i z a t i o n which i s o f course t h e c o r n e r -
stone o f Gibson's t h e o r y but cannot be p r e d i c t e d from s a t -
i a t i o n t h e o r y . However, a l t h o u g h n o r m a l i z a t i o n i s o f t e n 
r e p o r t e d by s u b j e c t s ^ ( e . g . Gibson and Radnor, 1937} Morant 
and M i s t o v i c h , I960) i t i s extremely d i f f i c u l t t o demonstrate 
r i g o r o u s l y and q u a n t i t a t i v e l y . The obvious method o f a s k i n g 
t h e s u b j e c t how many d.egr^es a s i n g l e l i n e appears t o be 
t i l t e d , b e f o r e and a f t e r a p e r i o d o f i n s p e c t i o n i s p o i n t l e s s 
because judgments away from t h e main anchoring p o i n t s o f t h e 
s c a l e are r e l a t i v e l y i m p r e c i s e and f r e e l y chosen response 
c a t e g o r i e s t e n d t o change i n f i v e - d e g r e e steps at best which 
i s h a r d l y s u f f i c i e n t t o d e t e c t a change o f two degrees. I n 
a d d i t i o n l a t e r judgments are no doubt i n f l u e n c e d by e a r l i e r 
ones when on l y one l i n e i s use**, i n t h e experiment. The 
a l t e r n a t i v e method, i s t o embed t h e i n s p e c t i o n l i n e i n a 
s e r i e s o f t e s t l i n e s and ask f o r magnitude est i m a t e s o f t h e 
whole s e r i e s . I n t h i s case on1* cannot be sure t h a t t h e 
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presence o f t h e o t h e r t e s t l i n e s does not contaminate t h e 
p r i m a r y e f f e c t . However, an attempt along these l i n e s was 
one o f t h e purposes o f experiment l ( d ) . 
A second procedure i s t o ask f o r p a r a l l e l i s m .judgments 
o f a comparison f i g u r e l o c a t e d i n a r e g i o n o f the f i e l d 
t hought t o be u n a f f e c t e d by the t i l t a d a p t a t i o n . I n view 
o f t h e u n c e r t a i n t y about t h e degree o f t r n n s f e r o f t h e e f f e c t 
t h i s must be a p e r i l o u s procedure. P r e n t i c e and BeaHsLee 
(1950) exposed a t h r e e - i n c h i n s p e c t i o n f i g u r e a t 10° from 
t h e v e r t i c a l on one si d e o f the f i x a t i o n p o i n t and sub-
sequently a s i m i l a r t e s t f i g u r e t h e same d i s t a n c e on t h e 
o t h e r s i d e . The su b j e c t r e p o r t e d whether t h e t e s t f i g u r e 
appeared more o r l e s s t i l t e d t h a n t h e i n s p e c t i o n f i g u r e 
had been. The r e p o r t e d n o r m a l i z a t i o n was about two degrees 
and t h e f a c t t h a t t h i s was not a l t e r e d by making t h e square 
frame t w i c e as- l a r g e n or indeed by dispensing- w i t h i t 
a l t o g e t h e r was claimed as evidence aga i n s t c o n t a m i n a t i o n 
by f i g u r a l a f t e r - e f f e c t s . Nor was t h e r e any e f f e c t o f a 
p a r a l l e l o g r a m frame w i t h i t s v e r t i c a l sides p a r a l l e l w i t h 
t h e t e s t and i n s p e c t i o n l i n e s - a c o n d i t i o n i n which sup-
posedly no s a t i a t i o n e f f e c t s would be p r e d i c t e d . 
But Heinemann and M a r i l l (1954) argued t h a t . f i g u r a l 
a f t e r - e f f e c t s c o u l d be d i f f e r e n t i a l l y o p e r a t i v e even w i t h 
a p a r a l l e l o g r a m frame since t h e d e n s i t y o f s a t i a t i o n i s 
g r e a t e r w i t h i n aoute angles t h a n w i t h i n obtuse ones. They 
30 (L 
themselves repeated t h e experiment u s i n g v a r i o u s t i l t 
c ombinations o f l i n e s and frame, and found o n l y a s a t i -
a t i o n e f f e c t - t h e i n s p e c t i o n l i n e s appeared t o a l i g n them-
selves w i t h t h e frame. These problems o f frame i n t r u s i o n 
have been avoided i n a l l t h e experiments r e p o r t e d by t h e 
author i n t h i s chapter by p r e s e n t i n g o n l y l i n e s which l i e 
on a r a d i u s o r diameter o f a c i r c u l a r a p e r t u r e . 
Held (1963) used a s i m i l a r procedure i n v o l v i n g t e s t / 
i n s p e c t i o n and comparison f i g u r e s on o p p o s i t e s i d e s o f the 
f i x a t i o n p o i n t , and r e p o r t e d a n o r m a l i z a t i o n e f f e c t , but 
Morant ( p r i v a t e communication) has been unable t o reproduce 
t h e r e s u l t s . I n any case these techniques can d e t e c t only 
t h a t p o r t i o n o f t h e e f f e c t which does not t r a n s f e r over 
t h e di stance between t h e two f i g u r e s and Morant and M i k a e l i a n 
r e p o r t e d a 66% t r a n s f e r o f a t i l t a f t e r - e f f e c t across seven 
degress of v i s u a l angle. 
Another t e c h n i q u e , not w i t h o u t i t s own problems, i s t o 
ask f o r alignment .-judgments o f the two halves o f t h e diameter 
o f a c i r c l e c e n t r e d on t h e f i x a t i o n p o i n t b e f o r e and a f t e r 
i n s p e c t i o n o f one o f t h e component r a d i i o f t h e diameter. 
I n a d d i t i o n , two diameters placed s y m m e t r i c a l l y about and 
c l o s e t o t h e v e r t i c a l can be used t o t e s t f o r simultaneous 
n o r m a l i z a t i o n i n o p p o s i t e d i r e c t i o n s - an e f f e c t not e a s i l y 
p r e d i c t a b l e from e i t h e r t h e o r y . T h i s approach has been 
i n v e s t i g a t e d i n experiments l ( b ) and ( c ) . 
When we l o o k at t h e case of t e s t l i n e s t i l t e d i n t h e 
same d i r e c t i o n and t o a g r e a t e r e x t e n t than t h e i n s p e c t i o n 
l i n e t h e r e once again seems t o be a c l e a r cut i s s u e . The 
p r e d i c t i o n from s a t i a t i o n t h e o r y must be t h a t l i n e s more 
t i l t e d t h a n t h e i n s p e c t i o n f i g u r e w i l l , l i k e l i n e s l e s s 
t i l t e d t h a n i t , be a p p a r e n t l y d i s p l a c e d away from i t s 
l o c a t i o n , i . e . l i n e s more and l e s s t i l t e d t h a n t h e inspection 
f i g u r e w i l l be a p p a r e n t l y d i s p l a c e d i n op p o s i t e d i r e c t i o n s . 
Gibson on t h e o t h e r hand holds t h a t s c a l e s t e n d t o be d i s -
p laced as a complete u n i t so t h e e f f e c t s should be approx-
i m a t e l y equal and i n t h e same d i r e c t i o n f o r a l l t e s t l i n e s . 
F i g u r e 1.2 shows i n gener a l terms t h e displacement as a f u n c -
t i o n o f t h e o r i e n t a t i o n o f l o c a l t e s t l i n e s as p r e d i c t e d 
from each t h e o r y s e p a r a t e l y . I t i s c l e a r t h a t even i f the 
two f u n c t i o n s are combined t h e r e should be at l e a s t a sudden 
f a l l i n t h e magnitude o f t h e e f f e c t a t the l o c a t i o n o f the 
i n s p e c t i o n "Ttegure. A study based on t h i s r e a s o n i n g i s 
r e p o r t e d as experiment l ( d ) . 
F i n a l l y t h e t ^ s t l i n e may a c t u a l l y be t h e main a x i B 
a t r i g h t angles t o the one near which t h e i n s p e c t i o n l i n e 
f a l l s . I n t h e case, f o r example, o f an i n s p e c t i o n l i n e 
t i l t e d 1 0 ° a n t i - c l o c k w i s e from t h e v e r t i c a l i t seems c l e a r 
t h a t a d a p t a t i o n t h e o r y would r e q u i r e t h a t a h o r i z o n t a l l i n e , 
l i k e a v e r t i c a l l i n e or any o t h e r l i n e , should be a p p a r e n t l y 
d i s p l a c e d i n a c l o c k w i s e d i r e c t i o n . T h i s e f f e c t on t h e more 
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d i s t a n t main a x i s i s known as t h e " i n d i r e c t e f f e c t 1 ' . I f 
t h e r e i s any p r e d i c t i o n from s a t i a t i o n t h e o r y i t must he 
i n the o p p o s i t e d i r e c t i o n , v i z . t h a t the h o r i z o n t a l should 
s u f f e r an apparent a n t i - c l o c k w i s e r o t a t i o n s i n c e t h i s would 
make i t more n e a r l y normal t o the i n s p e c t i o n l i n e which i s 
t h e steady s t a t e f o r t h e r e l a t i v e o r i e n t a t i o n o f two i n t e r -
s e c t i n g l i n Q s a c c o r d i n g t o t h i s t h e o r y . 
As w i t h most o f t h e issues i n t h i s area c o n f l i c t i n g 
r e s u l t s have "been r e p o r t e d . Gibson and Radner (1937) and 
Morant and M i s t o v i c h (1960) observed, t h e i ndi r e c t . e f f e c t 
whereas Kohler and Wallach (1944) and P r e n t i c e and Beardslee 
(1950) d i d n o t . Those who have found i t r e p o r t i t t o be 
about h a l f t h e s i z e o f t h e cor r e s p o n d i n g d i r e c t a f f e c t , t h e 
s i z e d i f f e r e n c e b e i n g i n t e r p r e t e d by Gibson as "play between 
th e a x i s " , by Morant as due t o t h e summation o f t h e t i l t 
a d a p t a t i o n and f i g u r a l a f t e r - e f f e c t s (opposed i n t h e case 
o f t h e i n d i r e c t e f f f ? c t , i n agreement i n t h e case o.f t h e 
d i r e c t e f f e c t ) . 
Experiment 1(e) p r o v i d e s c l e a r - c u t c o n f i r m a t i o n o f t h e 
occurrence o f th e i n d i r e c t a f f e c t . Since t h e data f o r thi.B 
experiment was c o l l e c t e d Morant and H a r r i s (19^5) have 
r e p o r t e d a mora comprehensive study which i n c i d e n t a l l y con-
f i r m s t h e occurrence o f th e i n d i r e c t e f f e c t . They made 
p r e d i c t i o n s about how apparent displacement o f a v e r t i c a l 
t e s t l i n e would vary as a f u n c t i o n o f i n s p e c t i o n - l i n e 
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o r i e n t a t i o n on t h e b a s i s o f ( a ) s a t i a t i o n t h e o r y , 
( b ) a d a p t a t i o n t h e o r y and ( c ) t h e a l g e b r a i c sum o f t h e 
f u n c t i o n s generated by t h e two p r e d i c t i o n s . These p r e -
d i c t e d f u n c t i o n s are shown i n f i g u r e ^ t o g e t h e r w i t h Morant 
and H a r r i s ' s e m p i r i c a l r e s u l t s . The observed curve appears 
t o match w e l l t h e g e n e r a l shape o f t h e combined f u n c t i o n ; 
i n p a r t i c u l a r , t h e curve does c r o s s t h e zero a x i s , demon-
s t r a t i n g t h e " i n d i r e c t e f f e c t " and e s t a b l i s h i n g t h e presence 
o f a Gibson-type process, and t h e croBS-over p o i n t i s not 
at 4 5 ° . T h i s l a s t f e a t u r e c o u l d i n d i c a t e t h a t t h e v e r t i c a l 
norm i s s t r o n g e r t h a n the h o r i z o n t a l norm, but Gibson has 
found t h a t t h e r e f e r s e i B t r u e and Morant and M i s t o v i c h ( I 9 6 O ) 
t h a t they are o f equal s t r e n g t h . So t h e assumption o f Morant 
and H a r r i s t h a t i t i n d i c a t e s t h e o p e r a t i o n o f a s a t i a t i o n 
process i s probably . - j u s t i f i e d , a l t h o u g h the s m a l l e r extent 
o f t h e i n d i r e c t e f f e c t might be due simply t o a l a c k o f 
complete t r a n s f e r o f t h e a d a p t a t i o n process - a " p l a y " 
between t h e a x i s . 
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EXPERIMENT 1 ( a ) . 
T h i s experiment was concerned, w i t h t e s t i n g t h e symmetry 
o f t h e e f f e c t s o f a v e r t i c a l l i n e and a t i l t e d l i n e on one 
another. Such symmetry would be taken as s t r o n g evidence 
t h a t t h e v e r t i c a l norm has no s p e c i a l s i g n i f i c a n c e i n t h e 
e x p l a n a t i o n o f t i l t a f t e r - e f f e c t s , which would t h e n appear 
si m p l y as s p e c i a l cases o f t h e f i g u r a l a f t e r - e f f e c t . 
Method. 
A s p l i t - b e a m t a c h i s t r o s c o p e was used, one channel 
c a r r y i n g t h e i n s p e c t i o n f i g u r e and t h e o t h e r t h e t e s t f i g u r e 
(and i n Part I I t h e c o m p a r i e o n . f i g u r e ) . Each s t i m u l u s con-
s i s t e d o f an 11 i n c h , 60w. s t r i p - l i g h t p i v o t e d about i t s 
c e n t r e and reduced t o g i v e a l i n e o f l i g h t 0 .08 i n . wide. 
Both t e s t and i n s p e c t i o n f i g u r e s had small opaque f i x a t i o n 
p o i n t s at t h e i r c e n t r e s and were l o c a t e d i n such a way t h a t , 
when b o t h f i g u r e s were i l l u m i n a t e d , t h e i r f i x a t i o n p o i n t s 
c o i n c i d e d . The s u b j e c t had h i s head clamped and viewed 
t h e f i g u r e s i n a dark f i e l d from a d i s t a n c e o f 40 i n c h e s . 
I n «»ach o f t h e two p a r t s o f t h e experiment a f o r c e d 
c h o i c e , constant s t i m u l u s method was used, f i r s t under 
c o n t r o l c o n d i t i o n s and l a t e r w i t h t h e i n s p e c t i o n f i g u r e 
p r e s e n t . I n Par* I t h e t e s t f i g u r e appeared alone i n one 
o f f i v e p o s i t i o n s separated by h a l f - d e g r e e steps from one 
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degree c l o c k w i s e t o one degree c o u n t e r - c l o c k w i s e about 
t h e v°rtical and t h e s u b j e c t had t o respond t h a t i t 
appeared w i t h e r c l o c k w i s e o r counter-clockwise r e l a t i v e 
t o t h e v e r t i c a l . I n Part I I , due t o t h e i m p r e c i s i o n o f 
a b s o l u t e judgments o f t i l t e d l i n e s , a comparison f i g u r e 
was presented t i l t e d 10° c o u n t e r - c l o c k w i s e and l o c a t e d 
f o u r inches t o t h e l e f t o f t h e t e s t f i g u r e , which i n t h i B 
case v a r i e d from nine t o eleven degrees c o u n t e r - c l o c k w i s e , 
again i n h a l f - d e g r e e s t e p s . The s u b j e c t responded a c c o r d i n g 
t o whether t h e t e s t l i n e appeared t o be t i l t e d c l o c k w i s e o r 
c o u n t e r - c l o c k w i s e r e l a t i v e t o t h e comparison l i n e . 
I n each Part t h e i n i t i a l c o n t r o l c o n d i t i o n c o n s i s t e d 
o f f i v e one-second p r e s e n t a t i o n s o f t h e t e s t f i g u r e (and 
c o m p a r i R o n - f i g u r e i n Part I I ) i n each o f i t s f i v e o r i e n -
t a t i o n s , i n random o r d e r . Between p r e s e n t a t i o n s t h e r e was 
a f i v e - s e c o n d dark p e r i o d w i t h no f i g u r e v i s i b l e . Then 
f o l l o w e d a s i x t y - s e c o n d p e r i o d d u r i n g which only t h e i n s p e c -
t i o n f i g u r e ( i n F a r t I I a v e r t i c a l l i n e , i n Part I a l i n e 
t i l t e d 10° c l o c k w i s e ) was v i s i b l e and f i x a t e d . T h i s was 
immediately f o l l o w e d by t h e p o s t - t e s t which c o n s i s t e d o f a 
repeat o f t h e 25 t r i a l s o f t h e p r e - t e s t w i t h t h e s i n g l e 
d i f f e r e n c e t h a t t h e i n s p e c t i o n f i g u r e was f i x a t e d d u r i n g 
t h e f i v e - s e c o n d i n t e r - t r i a l i n t e r v a l . 
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The sub.1 a c t s were 10 undergraduates most o f them new 
t o s t u d i e s i n t h i s area and a l l i g n o r a n t o f t h e purpose 
o f t h e experiment. A l l appeared i n b o t h p a r t s o f t h e 
experiment, h a l f o f them i n each o f t h e two p o s s i b l e o r d e r s . 
The p a r t s were separated by s e v e r a l days. 
R e s u l t s and D i s c u s s i o n . 
The t o t a l number o f c l o c k w i s e responses was counted 
f o r each s u b j e c t i n each c o n d i t i o n o f each p a r t o f t h e 
experiment and t h e means are shown i n Table 1.1. 
Table 1.1. 
Mean number o f ' c l o c k w i s e ' responses. 
P a r t I . P a r t I I . 
P r e - t e s t 14-5 9-4 
P o s t - t e s t 3 .5 3 .5 
D i f f e r e n c e 11.0 5 .9 
I n P art I t h e i n s p e c t i o n f i g u r e was t i l t e d c l o c k w i s e 
BO e i t h e r o f t h e e f f e c t s under c o n s i d e r a t i o n should produce 
a tendency f o r s t i m u l i n«ar t h e v e r t i c a l t o be seen as 
t i l t e d r e l a t i v e l y c o u n t e r - c l o c k w i s e and hence a decreased 
number o f 'clockwise" responses i n t h e p o s t - t e s t . S i m i l a r l y 
i n P art I I t h e v e r t i c a l i n s p e c t i o n - f i g u r e i s o r i e n t e d c l o c k -
wise r e l a t i v e t o t h e t e s t - f i g u r e p o s i t i o n s and so a f i g u r a l 
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a f t e r - e f f e c t would be manifested i n a tendency f o r t h e 
t e B t - l i n e s t o appear more t i l t e d ( c o u n t e r - c l o c k w i s e ) and 
hence again a decrease i n t h e number o f " c l o c k w i s e " r e s -
ponses. The d i f f e r e n c e s o f 11 and 5*9 are thus b o t h i n 
t h e expected d i r e c t i o n and are s i g n i f i c a n t by t - t e s t f o r 
c o r r e l a t e d means at t h e .001 and .01 l e v e l s r e s p e c t i v e l y . 
But t h e d i f f e r e n c e o f 5«1 between t h e two e f f e c t s also i s 
s i g n i f i c a n t , a t t h e .02 l e v e l . Thus i t appears t h a t i n 
a d d i t i o n t o t h e s a t i a t i o n component, present i n b o t h 
e f f e c t s , t h e r e i s an a d d i t i o n a l e f f e c t o p e r a t i n g when t h e 
i n s p e c t i o n l i n e i s t i l t e d r a t h e r t h a n v e r t i c a l and we can 
conclude t h a t on t h i s i s s u e t h e r e i s no c o n f i r m a t i o n o f t h e 
s a t i a t i o n t h e o r i s t s c l a i m t o subsume e n t i r e l y the t i l t 
e f f e c t s . 
One p o s s i b l e c r i t i c i s m o f t h i s experiment i s t h a t t h e 
use o f a comparison f i g u r e and .judgments o f apparent p a r a l -
l e l i s m i n Part I I i n v a l i d a t e s t h e d i r e c t comparison o f t h e 
two p a r t B . The s i m i l a r i t y o f t h e v a r i a n c e s i n t h e two 
s i t u a t i o n s suggests, however, t h a t t h e tasks .ar Q q u i t e com-
p a r a b l e . I t c o u l d a l s o be argued t h a t t h e comparison f i g u r e 
as w e l l as t h e t e s t f i g u r e might be a f f e c t e d by t h e process 
o f the i n s p e c t i o n f i g u r e . But s a t i a t i o n produced by t h e 
i n s p e c t i o n f i g u r e , w h i l e i t would cause t h e t e s t f i g u r e t o 
appear more t i l t e d t h a n i t r e a l l y was, coul d only have t h e 
o p p o s i t e e f f e c t on t h e comparison f i g u r e - only i n t h e 
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s p e c i a l case where t h e t e s t and i n s p e c t i o n l i n e s a c t u a l l y 
cross does t h e apparent angular s e p a r a t i o n i n c r e a s e ; i n 
o t h e r cases t h a t p a r t o f t h e t e s t f i g u r e which i s c l o s e r 
t o t h e p o s i t i o n o f t h e i n s p e c t i o n f i g u r e s u f f e r s g r e a t e r 
apparent r e p u l s i o n , t h e r e b y r e d u c i n g t h e apparent angular 
s e p a r a t i o n o f the l i n e s . 
I f t h e t°st l i n e r e t a i n s i t s l i n e a r i t y d u r i n g t h e 
apparent displacement then o f course i f i s s t r i c t l y impos-
s i b l e f o r i t t o undergo a d i f f e r e n t displacement depending 
on whether o r not i t i n t e r s e c t s t h e path' -of the i n s p e c t i o n 
l i n e since t h e l a t t e r case i s merely an e x t e n s i o n o f t h e 
former, and t h i s p o i n t s up t h e c o n f u s i o n discussed i n t h e 
i n t r o d u c t i o n t o the s e c t i o n o h ' T i l t a d a p t a t i o n and f i g u r a l 
a f t e r - e f f e c t s " a s t o whether s a t i a t i o n t h e o r y can a c t u a l l y 
p r e d i c t a change i n t h e o r i e n t a t i o n o f a t e s t l i n e . 
Use o f a comparison f i g u r e i n Part I , on the o t h e r hand, 
i s p r e c l u d e d by t h e p r o b a b i l i t y t h a t t h e Gibson e f f e c t t r a n s -
f e r s a t l e a s t t o some e x t e n t and would t h e r e f o r e t e n d t o be 
p a r t i a i l e d out thr o u g h t h e i n s p e c t i o n f i g u r e ' s h aving a 
s i m i l a r e f f e c t on b o t h t e s t and comparison f i g u r e s . Indeed, 
Kohler and Wallace's use o f a comparison f i g u r e i n Part I 
i s t h e most l i k e l y e x p l a n a t i o n f o r t h e i r f a i l u r e t o o b t a i n 
a d i f f e r e n c e between t h e two s i t u a t i o n s . 
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The response-count i n Table 1.1 suggests t h a t t h e two 
e f f e c t B may be o f s i m i l a r magnitude since t h e numbers o f 
responses r e p r e s e n t i n g apparent displacements i n t h e two 
p a r t s are i n t h e r a t i o o f almost 2:1. U n f o r t u n a t e l y i t i s 
not p o s s i b l e t o d e r i v e from t h e d a t a a more p r e c i s e e s t i m a t e 
o f t h e i r r e l a t i v e magnitudes based on t h e p.S.E.'s; the 
e f f e c t s i n b o t h p a r t s were so l a r g e r e l a t i v e t o t h e range 
o f th e t e s t - s t i m u l i t h a t t h e e x t r a p o l a t i o n r e q u i r e d t o 
e s t i m a t e median p o i n t s i n t h e p o s t - t e s t c o n d i t i o n s c o u l d 
o n l y be t h e w i l d e s t guess. I n any case e v a l u a t i o n o f t h e 
e f f e c t s by s u b t r a c t i o n o f t h i s s o r t r e q u i r e s t h e assumption 
t h a t they are a d d i t i v e , an assumption made extremely d i f -
f i c u l t t o t e s t by the apparent i m p o s s i b i l i t y o f d e v i s i n g 
a c o n d i t i o n i n which t h e Gibson e f f e c t might be expected 
t o occur alone. 
4 0 . 
EXPERIMENT 1 ( b ) . 
This experiment was an attempt t o demonstrate normal-
i z a t i o n under adverse cond i t i ons . I t w i l l be convenient 
here t o describe the experiment . f i ^ B t and provide the 
t h e o r e t i c a l r a t i o n a l e l a t e r . 
Method. 
A three-channel m i r r o r tachistoscope was used. The 
s t imulus ma te r i a l was a ser ies o f b lack e i g h t - i n c h - h i g h 
f i g u r e s drawn on white cards which were f r o n t i l l u m i n a t e d 
i n the instrument and viewed at an o p t i c a l distance o f 40 
inches. The apex o f the V was always i n the cent re o f the 
c i r c u l a r f i e l r t and served aB a f i x a t i o n p o i n t . The apex 
angles ranged from 3 8 ° t o 44° i n s t e p B of. two degrees. The 
f i g u r e s could be presented e i t he r as V's or i nve r t ed V ' s , 
always symmetrically about the v e r t i c a l . For one set o f 
readings the t e s t / i n s p e c t i o n f i g u r e was a s ing le 40-degree V 
presented i n one channel o f the tachistoscope. I n the other 
channel appearedm i nve r t ed V comparison f i g u r e w i t h the 
apices o f the two f i g u r e s exac t ly i n r e g i s t e r . The t h i r d 
channel permanently held a card bear ing only a black f i x a t i o n 
p o i n t , also i n r e g i s t e r w i t h the apices. The two f i g u r e -
c a r r y i n g channels were simultaneously i l l u m i n a t e d f o r a 
half -second every f i v e seconds and f o r the remainder o f t h i s 
pe r iod the f i x a t i o n po in t only was v i s i b l e . 
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The subject was i n s t r u c t e d to f i x a t e on the poin t 
throughout the experiment and wh«n he b r i e f l y Raw a f i g u r e 
l i k e a m u l t i p l i c a t i o n cross to ind ica te by v e r t i c a l move-
ment o f a p o s t - o f f i c e switch whether the top or bottom 
angle of the cross appeared l a r g e r . There were f i f t y t r i a l s 
w i t h finch o f the f i v e sizes o f comparison inver ted-V appear-
i n g ten times i n random order . 
Immediately a f t e r t h i s p re - tes t series the subject 
f i x a t e d the t e s t / i n s p e c t i o n V f o r 60 seconds and then w i t h -
out delay the port-test ser ies commenced. This was i d e n t i c a l 
w i t h the p re - tes t series except t ha t dur ing the f ive-second 
i n t e r - t r i a l i n t e r v a l s the sub.ject continued to f i x a t e the 
test /comparison f i g u r e ins tead o f jus t the f i x a t i o n p o i n t . 
Thus the subject judged the angular size o f a 40° V i n . 
r e l a t i o n to an inver ted-V presented d i r e c t l y below i t and 
e i t h e r the same size or two or fou r degrees l a rge r or smaller 
than i t , and the .judgments were made before and a f t e r inspec-
t i n g the 40°V f o r one minute. For h a l f the subjects the 
t e s t / i n s p e c t i o n f i g u r e was an inve r t ed V and the comparison 
f i g u r e s erect V s . 
Subjects wer« ten undergraduate volunteers , naive as 
to the purpose o f the experiment. 
4 2 . 
Rat iona le . 
I n t h i s s i t u a t i o n the p red ic t ions from s a t i a t i o n 
theory are tha t ( i ) the nt-ms o f the comparison angles 
w i l l undergo an apparent displacement away from the p o s i t i o n 
of the prev ious ly inspected angle, making the comparison 
angles appear smaller than they otherwise would, and 
poss ib ly ( i i ) tha t the t e s t / i n s p e c t i o n angle w i l l s u f f e r 
an apparent growth as i t i s inspected due t o the denser 
area o f s a t i a t i o n w i t h i n the angle. Although not made 
e x p l i c i t by Kohler and Wallach i t seenm clear tha t t h e i r 
s a t i a t i o n p r i n c i p l e would demand t h i s l a t t e r e f f e c t due to 
greater dens i ty o f s a t i a t i o n w i t h i n inspec t ion f i g u r e s 
(Hebb, 1949) l 5 1 1 ^ the empi r i ca l r e s u l t s are equivocal 
(Kohler and Wallach, 1944; W a l t h a l l , 1946; Ikeda and 
Obonai, 1953? Duncan, 1 9 6 0 ) . I n the case o f e i t h e r o f 
these p red ic t ions the r e s u l t would be an apparent growth 
o f the t e s t / i n s p e c t i o n angle r e l a t i v e t o the comparison 
angles. 
The p r e d i c t i o n from adaptat ion theory i s IBBS c l e a r -
c u t . Each arm o f the inspected angle alone would tend to 
normalize to the v e r t i c a l dur ing in spec t ion . But Gibson's 
o r i g i n a l f o r m u l a t i o n and more recent work by Rich and Morant 
suggest tha t the perceptual scale o f t i l t i s r e l a t i v e l y 
r i g i d and the re fo re when both arms o f the angle are inspected 
each should neu t r a l i z e the normal iza t ion o f the other and 
4 3 . 
no change i n the apparent size o f the angle could be 
expected. I t may be, however, tha t the scale i s not 
completely r i g i d and tha t both arms could normalize, at 
l eas t to some extent , s imultaneously. 
The experiment was t he re fo re regarded as a t e s t o f 
normal iza t ion under the most adverse condi t ions and a 
s i g n i f i c a n t apparent shrinkage o f the t e a t / i n s p e c t i o n angle 
would have been regarded as the f i r s t c lear -cu t demon-
s t r a t i o n o f the phenomenon. 
Results and Discussion. 
The number o f "top l a rge r " responses was counted f o r 
eaoh subject f o r both pro- tea t and pos t - tes t se r i e s . The 
comparisons ind ica ted tha t s i x subjects reported the com-
par ison f i g u r e as the l a rge r more f r e q u e n t l y i n the pos t -
t e s t ser ies than i n the pre - tes t thereby i n d i c a t i n g a 
probable apparent shrinkage o f the inspected f i g u r e . However, 
three o f the subjects showed a change i n the opposite d i r e c -
t i o n whi le the f i n a l subject y i e l d e d no change. A t - t a s t 
revealed no s i g n i f i c a n t o v e r a l l change i n judgment. 
Although the t rend o f the r e s u l t s i s thus i n favour o f 
the adaptat ion hypothesis , no d e f i n i t e conclusion can be 
drawn. I n view o f the uncer ta in ty as to whether one can 
expect simultaneous b i l a t e r a l t i l t adaptation i t may be 
t h a t the t o s t was too s t r i n g e n t . Accordingly , a f u r t h e r 
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experi merit was designed, i nco rpora t ing the present con-
d i t i o n s together w i t h an oppor tuni ty f o r u n i l a t e r a l 
no rma l i za t ion . 
4 5 . 
EXPERIMENT l ( o ) . 
Method. 
The apparatus and procedure were s i m i l a r to the previous 
experiment. But the inspec t ion f i g u r e was e i t h e r the f i x -
a t i o n point alone, or a l i n e extending from the f i x a t i o n 
po in t at angle o f ten degrees clockwise from the v e r t i c a l , 
or two such l i n e s symmetrically placed about the v e r t i c a l 
to form an angle o f 2 0 ° . I n a l l cases the t e s t f i g u r e con-
s i s t ed of a l i n e 1 0 ° clockwise from the v e r t i c a l ( i . e . c o i n -
cident w i t h the u n i l a t e r a l inspec t ion f i g u r e or one o f the 
l i n e s o f the b i l a t e r a l inspec t ion f i g u r e ) , together w i t h 
a l i n e which was a c t u a l l y or almost i t s extension below the 
f i x a t i o n p o i n t . The task was to say whether the lower, 
v a r i a b l e l i n e deviated t o r i g h t or t o the l e f t o f the t r ue 
extension o f the upper l i n e , performance was found t o be 
more precise on t h i s task than on the previous one and so 
the steps separat ing the f i v e pos i t i ons o f the lower l i n e 
were only one half-degree i n s i ze . 
The subjects were 18 undergraduate volunteers*-. Each 
p a r t i c i p a t e d i n a l l three cond i t ions , w i t h three subjects 
be ing assigned t o each o f the s i x possible sequences o f 
cond i t i ons . At least 15 mJ'n. o f normal v i s u a l s t i m u l a t i o n 
intervened between c o n d i t i o n s . 
Resul ts . 
The number o f " l e f t " responses was counted f o r each 
subject i n each h a l f o f each o f the three condi t ions and 
a s p l i t - p l o t analysis o f variance was performed on t h i s 
data , as shown i n Table 1 . 2 . 
Table 1 . 2 anlaysis o f variance o f the number of l e f t 
responses i n experiment l ( c ) . 
1 
Source. S.S. d . f . M.S. 
Sequences 272 5 54 
Subjects w i t h i n sequences 698 12 58 
Subjects ( s u b - t o t a l ) 970 17 
Condit ions 60 2 30 
Condit ions x sequences 109 ;io 1 0 . 9 
Conditions x subjects w i t h i n 
sequences 271 24 1 1 . 3 
Halves 3 1. 3 
Halves x sequences 18 5 3 . 6 
Halves x subjects w i t h i n 
sequences 52 1 2 ' 4.3 
Conditions x h a l v e s 24 2 12 
Conditions x h a l v e s x sequences 86 10 8 . 6 
Condit ions x h a l v e B x subjects 
w i t h i n sequences 192 24' 8 
Pooled subject i n t e r a c t i o n s 515 60 8 . 6 
With in subjects ( s u b - t o t a l ) 815 90 
Tota l 4085 107 
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The t h r e « subject i n t e r a c t i o n s were compared using 
progressive F - t e s t s , none o f which reached s i g n i f i c a n c e 
at the 10$ l e v e l , and were consequently pooled to provide 
a s ing le e r ro r term f o r a l l wi.thin-sub.iect a f f e c t s . Except 
f o r condi t ions no e f f e c t approaches s i g n i f i c a n c e . The 
i n s u b s t a n t i a l magnitude o f the halves and condi t ions x 
halves terms i s p a r t i c u l a r l y noteworthy; any d i f f e r e n c e 
between the condi t ions was presumably establ ished by the 
o r i g i n a l per iod o f inspec t ion and then maintained but not 
increased by the i n t e r - t r i a l topping-up per iods . 
I n d i v i d u a l comparisons among the condi t ions were made 
using Dunnett ' s ( 1 9 5 5 ) t e s t f o r comparing several means 
w i t h a c o n t r o l . The u n i l a t e r a l cond i t i on mean ( 8 . 8 6 ) d i f f e r s 
f rom the c o n t r o l c o n d i t i o n mean ( 7 . 1 1 ) at the 2$ l e v e l 
us ing a one - t a i l ed t . I n the case o f the b i l a t e r a l con-
d i t i o n there are con t rad ic to ry p red ic t ions and a t w o - t a i l e d 
t e s t i s appropr ia te . This mean ( 8 . 4 2 ) does n o t . d i f f e r from 
the c o n t r o l mean at the 5$ l*»vel. A change i n the choice 
o f one or t w o - t a i l e d t e s t s would not a f f e c t the s i g n i f i c a n c e 
l eve l s o f these comparisons. I t should be pointed ou t , 
however, t ha t a set o f planned orthogonal comparisons would 
i n d i c a t e tha t the d i f f e r e n c e between the c o n t r o l and the 
other two condi t ions i s s i g n i f i c a n t at the if, l e v e l whi le 
the l a t t e r do not d i f f e r s i g n i f i c a n t l y from one another, 
a good example o f the ambiguity inherent i n the use o f 
i n d i v i d u a l comparisons. 
Discussion. 
Once again, as i n the e a r l i e r experiment, the evidence 
*egarding J . the e f f e c t o f i n spec t ing a V i s equivocal . The 
evidence does, however, suggest tha t the presumed s a t i a t i o n 
hypothesis of an apparent expansion o f an inspected V can 
he discarded. But s t a t i s t i c a l argument about the s i g -
n i f i c a n c e of the s h i f t i n the opposite d i r e c t i o n i s made 
po in t l e s s by a glance at Figure 1 .4 where the average 
psychophysical func t ions are shown f o r the three cond i t ions . 
Not only the s t a t i s t i c a l l y equivocal b i l a t e r a l cond i t i on but 
even the u n i l a t e r a l condi t ion , c l e a r l y s i g n i f i c a n t i n terms 
o f response count, reveals a mean s h i f t i n P.S.E. (by l i n e a r 
i n t e r p o l a t i o n ) o f less than one h a l f o f one d e g r e e ; a good 
example o f the coincidence o f s t a t i s t i c a l s i g n i f i c a n c e and 
emp i r i c a l t r i v i a l i t y . This experiment must t he re fo re be 
counted as a f u r t h e r f a i l u r e to demonstrate no rma l i za t ion . 
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I n t h i s experiment magnitude estimates o f f r o n t a l 
plane t i l t were obtained i n an e f f o r t t o f i n d a more sen-
s i t i v e index o f normal iza t ion and also to explore the t i l t 
R f t e r - e f f e c t as a f u n c t i o n o f the o r i e n t a t i o n o f t e s t l i n e s . 
Method. 
The apparatus was s i m i l a r to tha t used i n the two p re -
vious experiments - a s p l i t beam tachistoscope w i t h one 
channel c a r ry ing a f i x a t i o n poin t and, where appropr ia te , 
an inspec t ion f i g u r e , the other_a t e s t f i g u r e . A l l f i g u r e s 
consis ted o f black diameters drawn on a c i r c u l a r white card 
w i t h a f i x a t i o n point at the centre; noth ing else was 
v i s i b l e to the subjec t . There were t en t e s t f i g u r e s con-
s i s t i n g o f s ing le diameters which var ied i n two-degree steps 
from - 9 ° ( an t i - c lockwise ) to + 9 ° (clockwise) about the ve r -
t i c a l The t h i r t y t r i a l s were d iv ided i n t o three blocks 
w i t h each t e s t f i g u r e being presented once i n each block 
i n an order independently randomized from block to b lock 
and cond i t ion to c o n d i t i o n . The t e s t exposures were one 
second each and were separated by f i v e seconds, dur ing which 
the inspec t ion f i g u r e was v i s i b l e . The seven condi t ions 
corresponded to seven inspec t ion f i g u r e s - s ing le diameters 
at - 1 5 ° i — 5 ° i + 5 ° i oi" + 1 5 ° i * w o diameters simultaneously 
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presented at + 1 5 ° and - 1 5 ° { - 1 5 ° ) or at + 5 ° and - 5 ° (r 5 ° ) f 
and f i n a l l y the c o n t r o l cond i t i on w i t h only the f i x a t i o n 
po in t i n the white c i r c u l a r . f i e l d . 
Each o f the seven subjects - a l l undergraduates naive 
about the purpose o f the experiment - served i n a l l seven 
condi t ions i n a unique order determined by a 7 x 7 L a t i n 
square. Condit ions were separated by about 5 minutes du r ing 
which the subject c a r r i e d on normal v i s u a l behaviour w i t h 
the room l i g h t s on. The i n i t i a l i n s t r u c t i o n s to the sub-
j e c t s were simply to f i x a t e throughout the session and to 
respond to each t e s t - s t imu lus presenta t ion w i t h a number 
which should be p ropo r t i ona l to the apparent t i l t o f the 
l ine- from the v e r t i c a l , a negative number f o r an t i - c lockwise 
t i l t , a p o s i t i v e one f o r clockwise t i l t . 'Tor example, i f 
you c a l l e d a p a r t i c u l a r an t i -c lockwise l i n e 'minus six* 
then you would c a l l a l i n e which was t i l t e d the same amount 
i n the opposite d i r e c t i o n ' p l u s s i x ' and one which was h a l f -
way between tha t and the v e r t i c a l ' p l u s t h r e e ' " . Subjects 
were urged once they had s e t t l e d on a scale to t r y t o main-
t a i n consistency o f meaning o f the numbers throughout the 
experiment. I n f a c t , perhaps biased by the i n s t r u c t i o n 
example, a l l subjects used e i t h e r f i v e or s i x as t h e i r 
'nuaximum*numbers, p o s i t i v e or negat ive . 
5 1 . 
ResultB. 
The estimates in. the f i r s t o f the f o u r blocks i n each 
cond i t i on tended to be ra the r w i l d and were not used i n the 
ana lys i s . Thus when the behaviour r e f l e c t e d i n t he analysis 
began the subject had already been exposed to the inspec t ion 
f i g u r e f o r 50 seconds, and to the t e s t f i g u r e s f o r a h a l f -
second each. This omission was not de t r imenta l to the ob jec ts 
©f. the experiment since the main i n t e r e s t was i n cond i t i on 
comparisons ra ther than t ime trends (block comparisons). 
The data analysed i n Table 1 . 3 are thus the estimates 
o f the ten s t i m u l i by the seven sub jec t s i n t h e three blocks 
o f each o f the seven cond i t i ons . 
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Table 1 . 3 . 
Analysis of variance of magnitude estimates of t i l t 
i n experiment l ( d ) . The F-rat io for each for each term 
i s the rat io of i t s mean square to that of the succeeding 
term. 
1 ••• 
Source. S .S . d . f . M.S. P 
Subjects 2 9 6 . 2 3 6 4 9 . 3 7 
Conditions 3 1 5 . 4 $ 6 5 2 . 5 8 1 6 . 9 0 ™ 
'Conditions x Subjects 1 1 1 . 8 8 36 3 . 1 1 
Stimuli 5360.14 9 7 0 6 . 6 8 
XXX 
3 9 9 . 0 0 
Stimuli x Subjects 95.71 54 1 .77 
Blocks 3 . 1 3 2 1 .56 9 . 1 8 X X 
Blocks x Subjects 2 . 0 5 12 0 . 1 7 
Conditions x Stimuli 1 3 9 . 0 6 54 2 . 5 8 5 . 8 6 x x x 
Conditions x Stimuli 
x Subjects 1 4 3 . 7 9 324 0 . 4 4 
Conditions x Blocks 5-65 12 0 . 4 7 1 . 2 7 N.S. 
Conditions x Blocks x 
Subjects 26.43 7:2 0 . 3 7 
Stimuli x Blocks 1 3 . 0 6 18 0 . 7 3 2 . 3 5 X X 
..Stimuli x Blocks x 
Subjects 3 3 . 4 7 108 0 . 3 1 
Conditions x Stimuli 
x Blocks 2 5 . 5 9 108 0 . 2 4 O.96 N.S. 
Conditions x Stimuli 
x Blocks x Subjects 1 6 1 . 2 6 648 0 . 2 5 
Total 7732 .90 1469 
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The s i g n i f i c a n t b locks and s t i m u l i x blocks e f f e c t s 
were unexpected but are i r r e l e v a n t t o the present d i s -
cussion; "they presumably ind ica t e t ha t the form o f the 
sub jec t ive scale a l t e r s over time but t h i s i s t rue f o r a l l 
condi t ions since the three-way i n t e r a c t i o n i s not s i g n i f i c a n t . 
Hence the e f f e c t o f primary i n t e r e s t here - the condi t ions x 
s t i m u l i i n t e r a c t i o n - apparently does not vary from one 
b lock o f t r i a l s to another. 
The condi t ions x s t i m u l i i n t e r a c t i o n i s h i g h l y s i g -
n i f i c a n t and i t s form i s i l l u s t r a t e d i n f i g u r e s 1 . 5 -:.ii-1'0.1 
where the sub jec t ive scale f o r each o f the s i x experimental 
condi t ions ( s o l i d c i r c l e s ) i s shown together w i t h tha t f o r 
the c o n t r o l cond i t i on ( o u t l i n e c i r c l e s ) . There i s c l e a r l y 
a tendency f o r an apparent displacement away from the side 
on which inspec t ion f i g u r e s l i e , at leas t f o r s t i m u l i loca ted 
on the same side as the inspec t ion f i g u r e . 
Before i n v e s t i g a t i n g t h i s f u r t h e r we must look i n some 
d e t a i l at the c o n t r o l c o n d i t i o n . The trends i n t h i s c o n d i t i o n 
are analysed i n Table 1 . 4 . 
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Table 1 .4 . 
Trend analysis of mean estimrttesiof s t i m u l i i n the 
c o n t r o l c o n dition. 
Source. S.S. d.f. M.S. P 
' S t i m u l i 1383 9 153.7 2 4 4 X X X 
Linear t r e n d 1364 1 1364 2 1 6 5 X X X 
Quadratic tr e n d 9.5 1 9.5 15.1*** 
Cubic trend 5.4 1 5.4 
Residual tr e n d 4 .5 6 0.75 M 2 N.S. 
Error 239-5 378 0.63 
Since these trend e f f e c t s represent comparisons among 
the stimulus msans f o r a p a r t i c u l a r c o ndition, the error 
term i s the weighted mean of the error terms f o r s t i m u l i 
and f o r s t i m u l i x conditions v i z . s t i m u l i x subjects and 
s t i m u l i x conditions x subjects. 
Although l i n e a r trend accounts f o r almost 99$ o f "the 
s t i m u l i sums of squares, due t o the smalineas of the error 
term the quadratic and cubic components are also highly 
s i g n i f i c a n t . These higher-order trends are quite noticeable 
i n the p l o t t e d data but the fa c t t h a t they are seen "to «•> 
greater or lesser extent i n 1he other conditions as well 
suggests that they are inherent properties of the scaling 
process i n t h i s s i t u a t i o n . This conclusions i s strengthened 
by the trend analysis o f the conditions x s t i m u l i i n t e r a c t i o n 
shown i n Table 1 .5 . 
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Table 1.5. 
Trend analysis of the conditions x s t i m u l i i n f r a c t i o n . 
(iSrror term i s the error term f o r the i n t e r a c t i o n v i z . 
conditions x s t i m u l i x subjects). 
Source. S.D. d.f. M.S. F 
Conditions x Sti m u l i 139.1 54 2.6 5 . 9 X X * 
Linear tr e n d differences 104.9 6 17.5 3 9 - 7 ™ 
Quadratic trend differences 15.2 6 2 .5 5.8XXX 
Residual trend differences 19 . 0 42 0.45 1.0 N.S. 
Error 143.8 0.44 
This shows that although the quadratic trend also d i f f e r s 
s i g n i f i c a n t l y between conditions, 75$ of "th* conditions x 
s t i m u l i i n t e r a c t i o n i e accounted f o r by differences i n l i n e a r 
trend. Further i n v e s t i g a t i o n of the s i g n i f i c a n t differences 
i n quadratic trend reveals no apparent r e l a t i o n s h i p . w i t h the 
c h a r a c t e r i s t i c s of the inspection f i g u r e s : the magnitudes 
of negative curvature of the conditions i n descending order 
are -5, c o n t r o l , —15t ~ 5 i -15i +15t +5i w i t h the l a t t e r two 
having n e g l i g i b l e curvature. 
Accord.ingly, i n view of the f a c t that the curves pre-
dict e d from s a t i a t i o n theory e i t h e r alone (Figure 1.2) or 
i n combination w i t h adaptation theory c l e a r l y suggest s i g -
n i f i c a n t cubic or higher-order differences and that there 
i s no evidence f o r such differences, a t t e n t i o n was focussed 
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on the predominant differences i n l i n e a r trend. 
These demonstrate a clear r e l a t i o n s h i p w i t h inspection 
f i gure c h a r a c t e r i s t i c s as i s shown i n Figures 1.5 10 where 
the b e s t - f i t t i n g s t r a i g h t l i n e f o r each condition i s paired 
w i t h that f o r the c o n t r o l condition. 
Also indicated i n these f i g u r e s are the differences 
between data points which are s i g n i f i c a n t at the .01 l e v e l 
( t w o - t a i l e d ) . These r e s u l t from applying Dunnett*s (1955) 
t e s t for the comparison of K means with a c o n t r o l to the 
difference between each experimental condition and the con-
t r o l at each test-stimulus p o s i t i o n . -V*'' 
The p i c t u r e that emerges from t h i s data i s t h a t a l l 
o f the o r i g i n a l hypotheses are contradicted i n important 
respects. Contrary t o the satiation-theory predictions 
there i s normalisation of t e s t f i g u r e s i n the same l o c a t i o n 
as inspection f i g u r e s . This i s strongly implied i n the + 1 5 ° 
and - 1 5 ° conditions, and shown d i r e c t l y i n the + 5 ° and - 5 ° 
conditions, though i n the l a t t e r i t .iust f a i l s t o reach s i g -
n i f i c a n c e . The magnitude of the e f f e c t i n the two 5 ° con-
d i t i o n s can be estimated at two degrees by c a l c u l a t i n g t h a t 
the response made to the 5 ° inspection stimulus i n the con-
t r o l c o n d ition i s , i n the appropriate experimental co n d i t i o n , 
made t o a stimulus of .iust over 7° and the response made to 
the 5° stimulus during inspection i s made i n the c o n t r o l 
c o n d i t i o n t o a stimulus o f .iust over 3°« 
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The — 5 condition shews a tendency towards simultan-
eous b i l a t e r a l normalization, again i n c o n t r a d i c t i o n to 
s a t i a t i o n theory; hut as i n experiments, li(b)and(b), not 
s i g n i f i c a n t . This e f f e c t i s also implied i n the — 15 con-
d i t i o n . 
I n a d d i t i o n , e f f e c t s on t e s t s t i m u l i more t i l t e d than 
the inspected stimulus should be markedly-different from 
those on s t i m u l i less t i l t e d . But examination of the r e l e -
vant 7 ° and 9 ° stimulus positions i n the 5 ° conditions 
reveals no evidence of e i t h e r a reversal of the d i r e c t i o n 
of the e f f e c t as required by s a t i a t i o n theory, or even a 
reduction i n the size of the e f f e c t , which would be com-
p a t i b l e w i t h the combined operation of the two mechanisms. 
I t seems therefore t h a t , rather s u r p r i s i n g l y , there i s 
no evidence i n the data f o r the operation of s a t i a t i o n 
process as envisaged by KMiler and Wallach. On the other 
hand, i t seems douBYfUl t h a t Gibson's theory can account f o r 
much o f the data p a t t e r n e i t h e r . Certainly there i s normal-
i z a t i o n and the apparent displacement i s i n the same d i r e c -
t i o n f o r a l l s t i m u l i on the same side of v e r t i c a l as the 
inspection f i g u r e , whether more or less t i l t e d than i t . 
But i n a l l four u n i l a t e r a l conditions the e f f e c t declines 
t o zero a few degrees on the other side of v e r t i c a l from 
the inspection f i g u r e . (indeed, they a l l show an actual 
reversal of the e f f e c t though i n no case does the reversed 
e f f e c t reach s i g n i f i c a n c e . ) Such a reduction i n the e f f e c t 
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would of course be predicted by the two-factor theory, but 
not to zero, and i n any case the two-factor theory would 
seem to be ruled out by the evidence discussed e a r l i e r . 
I n f a c t , the l i n e a r trend of these e f f e c t s i f taken 
at face value, creates serious problems. I n the 5 ° con-
d i t i o n s i t seems inconceivable that the displacement i s 
larg e r f o r t e s t s t i m u l i more t i l t e d than the inspection 
f i g u r e . S i m i l a r l y i n the 15° conditions extrapolation of 
the l i n e a r trends would lead to an implausibly large 
normalization e f f e c t on the appropriate 15° stimulus. 
Extrapolation i n the other d i r e c t i o n , on the other hand, 
would imply a reversed e f f e c t or at least a zero e f f e c t on 
t e s t l i n e s t i l t e d more than a few "degrees on the opposite 
side of v e r t i c a l t o the inspection f i g u r e , whereas i t i s 
now well established that e f f e c t s are i n the same d i r e c t i o n 
f o r t e s t s t i m u l i as f a r away even as the h o r i z o n t a l (the 
i n d i r e c t e f f e c t ) . 
These anomalies cannot be the r e s u l t of exposure to 
the series of te s t l i n e s since t h i s influence was present 
also i n the c o n t r o l condition and i s therefore p a r t i a l l e d 
out from the difference scores. The a d d i t i o n of the inspec-
t i o n f i g u r e s t o the stimulus series, on the other hand, 
a l t e r s d r a s t i c a l l y the e f f e c t i v e stimulus d i s t r i b u t i o n and 
could produce purely semantic e f f e c t s on the apparent sub-
j e c t i v e scale. As Campbell, Lewis and Hunt (1958) and others 
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have pointed out the i n t e r p r e t a t i o n of context e f f e c t s i n 
judgment i s always ambiguous. They can be regarded " e i t h e r 
as d i s t o r t i o n s of i d e n t i t y .judgments which are independent 
of the s p e c i f i c d e t a i l s o f the response system allowed, 
or as semantic e f f e c t s . l i m i t e d t o the s p e c i f i c response 
system employed i n the method of s i n g l e s t i m u l i " . This 
has tended t o be a rather neglected p o s s i b i l i t y i n studies 
where the a t t e n t i o n i s focussed on perceptual mechanisms 
rather than response biases. However, the present Btudy 
used a dimension with a strong subjective reference point 
external to the s p e c i f i c range of s t i m u l i on display.,, .and. . 
the choice of response range was subject rather than experi-
menter c o n t r o l l e d ; both of these conditions have been shown 
t o severely reduce context e f f e c t s on judgment (Pillenbaum, 
I 9 6 I ) the reduction presumably a f f e c t i n g mainly the semantic 
rather than the perceptual components of the e f f e c t s . The 
only improvement which could be made i n futu r e studies i s 
;jbo modify the i n s t r u c t i o n s with a view t o t y i n g the subjects 1 
responses more closely to angular degrees. 
For the present we muBt assume t h a t the data r e f l e c t 
the operation of a genuine input-encoding mechanism and the 
most pla u s i b l e view would seem to be th a t the apparent l i n e a r 
trend masks an actual pattern i n which e f f e c t s are maximal 
at the s i t e of the inspection f i g u r e and remain high f o r 
several degrees on e i t h e r side of i t . I f t h i s were the case 
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i t should b«com« clear i f the experiment were repeated using 
a wider range of t e s t l i n e s . 
This would s t i l l leave unexplained the r a p i d decline 
of the e f f e c t to zero or beyond on the other side of the 
v e r t i c a l from the inspection f i g u r e . This pattern i s so 
marked and consistent t h a t i t i s d i f f i c u l t to escape the 
conclusion t h a t what we are dealing w i t h here i s a new 
e f f e c t , s i m i l a r i n some respects to Gibson's adaptation but 
much more l o c a l i z e d . Such an e f f e c t would consist b a s i c a l l y 
of normalization of an inspected l i n e carrying w i t h i t only 
l i n e s w i t h i n ten or twenty degrees on e i t h e r side of i t , 
w i t h more t i l t e d inspection l i n e s g i v i n g a larger -effect" 
and i n f l u e n c i n g the apparent o r i e n t a t i o n of a wider range 
of t e s t l i n o s . The question of what p a r t i c u l a r conditions 
give r i B e to t h i s e f f e c t rather than t r u e Gibsonian negative 
a f t e r - e f f e c t i s one f o r f u t u r e i n v e s t i g a t i o n , and the apparent 
non-occurrence of f i g u r a l a f t e r - e f f e c t s also remains a puzzle. 
But i t i s noteworthy that the mechanism suggested here could 
more e a s i l y encompass simultaneous b i l a t e r a l normalization 
f o r the existence of which t h i s experiment, l i k e the two 
previous ones, provides weak but consistent support. 
The conclusion mainly relevant to the theme of t h i s 
chapter, however, i s that i n t h i s s i t u a t i o n one can record 
normalization and adaptation-like processes which depnnd on 
the r e l a t i o n s h i p of inspected l i n e s to main axis rather than 
merely on the separation of t e s t and inspection l i n e s and 
which are thus independent o f s a t i a t i o n e f f e c t s . 
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EXPERIMENT 1(a). 
The purpose of t h i s experiment was to demonstrate the 
occurrence of the " i n d i r e c t e f f e c t " - the influence on 
apparent v a r t i c a l i t y of inspection l i n e s close to the 
h o r i z o n t a l . 
Apparatus. 
A tachistoscope was used which had two viewing channels, 
each 40 inches long and of 16 inch square cross-section, set 
at r i g h t angles to one another. A f r o n t - s i l v e r e d m i r r o r of 
approximately equal reflectance and transmission was mounted 
at 45 degrees between the channels. The inspection pattern 
appeared i n one channel, the t e s t pattern i n the other. 
Their exposure was c o n t r o l l e d by two e l e c t r o n i c timers. 
The inspection p a t t e r n consisted of a white cardboard 
di s c , 10 inches i n diameter with a black inspection point 
at i t s centre. I t was f i l l e d w i t h a series of black p a r a l l e l 
l i n e s one sixteenth of an inch wide and one eighth of an 
i n c h apart. I t was mounted c e n t r a l l y i n the end w a l l of 
the viewing channel. I l l u m i n a t i o n was provided by two 11 
.inch, 60 watt s t r i p - l i g h t s mounted v e r t i c a l l y on the walls 
of the channel s i x inches from the and. Over t h i s s i x i n c h e B 
the f l o o r and walls of the channel were l i n e d with mirror 
to d i f f u s e the l i g h t . The disc could be rotated about i t s 
centre so t h a t the l i n e s were h o r i z o n t a l or t i l t e d 10 degrees 
clockwise rir anti-clockwise from the h o r i z o n t a l . The two 
l a t t e r p o s i t i o n s could also be alternated on successive 
t r i a l s by means of solenoids operated by the timers. This 
change-over of the inspection pattern always occurred when 
the t e s t pattern was exposed, so that the subject never 
saw the movement. 
Mounted i n the end wal l of the other channel was the 
t e s t f i g u r e , a single s t r i p - l i g h t pivoted about i t s centre. 
. I t was completely covered with cardboard except f o r a 
single s t r i p ten i n c h e s long and one s i x t e e n t h wide. When 
il l u m i n a t e d t h i B s t r i p appeared as a narrow l i n e of l i g h t 
i n a dark f i e l d . I t had a black f i x a t i o n spot at i t s mid-
point-. The s e t t i n g of the l i n e was by manual c o n t r o l 
through a reduction mechanism of 80 :1 . The d i a l on the 
co n t r o l knob was marked w i t h f i v e points. The f i v e points 
i n d i c a t e d the angular p o s i t i o n of the l i n e - v e r t i c a l and 
one and two degrees each way from the v e r t i c a l . 
The f i x a t i o n points on the two patterns were suprimposed 
when i l l u m i n a t e d simultaneously. A single f l e x i b l e rubber 
eye-piece was mounted exte r n a l l y on the box and c e n t r a l l y 
t o the viewing channels. A cardboard stop, close to the 
eye, r e s t r i c t e d the f i e l d of view i n each channel to the 
size and shape of the c i r c u l a r inspection pattern. The 
tachistoscope was mounted on a r i g i d t a b l e whose surface 
was set t r u l y h o r i z o n t a l . 
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The experimenter had f i v e keys corresponding t o the 
f i v e positions of the t e s t f i g u r e and these were wired to 
a recorder which stamped the d i g i t s one to s i x . Another 
two-way switch was placed convenient t o the subject and 
wired to the f i r s t two channels o f t t h e recorder. The s i x t h 
channel was used as a spacer and was automatically pulsed 
a f t e r each t r i a l by a u n i t c o n t r o l l e d by the timers. 
Procedure. 
The subject was seated on a st o o l close to the t a c h i s -
toscope. He pressed h i s l e f t eye against the f l e x i b l e . rubb_er_. 
eye-piece so t h a t a l l extraneous l i g h t was excluded. He was 
asked, t o adjust h i s p o s i t i o n u n t i l the black spot i n the 
middle of the array of h o r i z o n t a l l i n e s was centred i n the 
c i r c u l a r f i e l d of h i s eye-piece. He was t o l d that there 
would always be such a spot i n the centre of the f i e l d and 
he must constantly f i x a t e i t throughout the experiment. He 
would be shown the h o r i z o n t a l l i n e s f o r a period of s i x 
seconds; then they would, be replaced by a single near-
v e r t i c a l l i n e with a black spot at i t s mid-point. This 
would be exposed f o r only one h a l f second and he must i n d i c a t e 
immediately, by means of the switch, which way i t appeared 
to be t i l t e d from the v e r t i c a l . The sequence would then be 
repeated. 
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There were three series of t r i l l s i n which the inspec-
t i o n l i n e s were orienta t e d as f o l l o w s : 
( i ) Horizontal - 50 t r i a l s . 
( i i ) Ten degrees clockwise and ten degrees 
anti-clockwise, from the h o r i z o n t a l , 
on a l t e r n a t e t r i a l s - 100 t r i a l s . 
( i i i ) Ten degress clockwise - 50 t r i a l s . 
A minute's-rest was allowed between the series and also h a l f -
way through series ( i i ) . 
The order of conditions was standardized f o r a l l sub-
j e c t s , as only the inspection f i g u r e i n series ( i i i ) could 
be expected to b u i l d up a u n i d i r e c t i o n a l s a t i a t i o n which 
might cause systomatic errors i n subsequent series. 
During each six-second inspection period the experi-
menter set the t e s t l i n e t o one of i t s f i v e p o s i t i o n s : 
v e r t i c a l and one degree or two degrees clockwise or a n t i -
clockwise from v e r t i c a l . I n series ( i ) and ( i i i ) each pos-
i t i o n was presented ten times i n random order. I n series ( i i ) 
the set of 50 even t r i a l s and the set of 50 odd t r i a l s each 
consisted of 10 presentations of each p o s i t i o n i n random 
order. The programme was arranged i n t h i s way so t h a t the 
50 readings which had been preceded by the clockwise (or 
anti-clockwise) inspection f i g u r e , could l a t e r be extracted 
and would s t i l l form a series i n which the f i g u r e had been 
presented 10 times i n each of i t s fiv° po s i t i o n s . 
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Results. 
The conditions used i n the analysis were the r e s u l t 
of the manipulations described above. The respective 
inspection f i g u r e s were: 
1. Ten degrens anti-clockwise mixed ( i . e . 
presented i n a l t e r n a t i o n with 10° 
clockwise). 
2. Horizontal c o n t r o l . 
3 . Ten degrees clockwise mixed ( i . e . presented 
i n a l t e r n a t i o n with 10° anti-clockwise). 
4. Ten degrees clockwise. 
Each sub.iect made 50 .judgments i n each condition and the 
number of "clockwi-Se" responses, .was counted f o r each sub-
j e c t i n each condition. 
For the i n d i r e c t e f f e c t t o manifest i t s e l f f i x a t i o n of 
a l i n e t i l t e d anti-clockwise from the h o r i z o n t a l not only 
must displace an o b j e c t i v e l y h o r i z o n t a l l i n e i n a clockwise 
d i r e c t i o n (the d i r e c t e f f e c t ) but must also displace i n the 
same d i r e c t i o n l i n e s close to the v e r t i c a l . Hence, there 
should be more clockwise responses f o l l o w i n g inspection of 
an anti-clockwise f i g u r e ( c o n d i t i o n l ) and fewer clockwise 
responses f o l l o w i n g inspection of a clockwise f i g u r e 
(conditions 3 and 4 ) as compared with the number of clock-
wise responses f o l l o w i n g inspection of a h o r i z o n t a l f i g u r e 
( c o n d i t i o n 2 ) . Tabl<e 1.6 shows the analysis of variance 
performed on the r e s u l t s . 
66. 
Analysis of variance was performed on these means; 
Tablp 1 .6 . 
Analysis of variance f o r clockwise responses. 
Source. 
Conditions 
Subjects 
Residual 
Total 
Degrees of 
Freedom. 
3 
9 
27 
39 
Sums of 
Square. 
2999 
883 
364 
4246 
F Estimated Vari ance. 
1000 74 
98.1 
13.5 
.001 
The conditions term i s very highly s i g n i f i c a n t and would 
s t i l l be even i f the degrees of freedom f o r the Geisser-
Greenhouse conservative t e s t were sub s t i t u t e d . The theoret-
i c a l p r edictions of differences among the means are clear 
and so we can perform a set of orthogonal comparisons as 
shown i n Table 1.7-
Table 1 .7 . 
Orthogonal comparisons among means of "clockwise" responses. 
10° a n t i -
clockwise 
mixed. 
Hori zontal 
c o n t r o l . 
1 0 ° 
clockwise 
mixed. 
1 0 ° 
clockwise. 
F 
r a t i o . 
Mean. 31.8 26.0 20.1 8.4 
Comparison I +3 -1 -1 -1 1 0 3 x x x 
Compari son I I +2 -1 -1 
Comparison I I ] +1 -1 ,,xxx p i 
A l l three comparisons are very highly s i g n i f i c a n t . The 
f i r s t one establishes the e f f e c t of the anti-clockwise mixed 
c o n d i t i o n i n increasing the number of "clockwise" judgments 
of near v e r t i c a l l i n e s . The second shows th a t the'two clock-
wise conditions produce a decreased number of "clockwise" 
responses compared with the c o n t r o l ; and the t h i r d One/1 
shows th a t t h i s e f f e c t i s s i g n i f i c a n t l y greater i n the unmixed 
than i n the mixed condition. A l l e f f e c t s are thus i n the 
d i r e c t i o n predicted' by adaptation theory and contrary to that 
predicted by s a i t a t i o n theory, so the " i n d i r e c t e f f e c t " has 
been demonstrated. 
Thus we have demonstrated Gibson's i n d i r e c t e f f e c t . The 
mean points of subjective v e r t i c a l i t y ' and t h e i r P.E.'s were 
computed using Urban's constant process to derive the median 
of -t-he-best=fit"t"ing ogive (Table 1 . 8 ) . 
Table 1 .8 . 
Mean points of subjective v e r t i c a l i t y and t h e i r probabl.e 
e r r o r s , i n degrees from the v e r t i c a l , p o s i t i v e f i g u r e s 
representing anti-clockwise deviations. 
Inspection 1 0 ° a n t i - Horizontal . 1 0 ° 10° 
f i g u r e . clockwise c o n t r o l . clockwise clockwise 
mixed. mixed. 
Mean point o f 
subjective 0.81 0.12 - 0.54 - 2.34 
v e r t i c a l i t y . 
Probable 
e r r o r . 0.15 0.13 0.13 0.17 
The size of the i n d i r e c t e f f e c t i s calculated as 2.46 
degrees, the differences between the means of the c o n t r o l 
condition and the condition where the inspection f i g u r e was 
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t i l t e d 10° from the hor i z o n t a l throughout. The magnitude 
of the e f f e c t makes i t doubtful whether the corresponding 
d i r e c t e f f e c t , had i t been measured, would have been twice 
as large, as reported, by Gibson and Radner and Morant and 
Mistovich. 
The mixed conditions y i e l d smaller but s i g n i f i c a n t 
d i r e c t e f f e c t s of 0.69° (anti-clockwise condition) and 0.66° 
(clockwise c o n d i t i o n ) . 
The "mixed" conditions were included i n i h e experiment 
p a r t l y as a t r i a l f o r what was thought to be a promising new 
technique whereby one might study the e f f e c t of short inspec-
t i o n periods without recourse to the long r e s t i n t e r v a l s 
between t r i a l s which are needed to avoid the e f f e c t s of a 
cumulative build-up of s a t i a t i o n over a s e r i e s of short 
i d e n t i c a l i n s pections. What the technique demonstrates of 
importance i n the present experiment i s that the observed 
e f f e c t i s not simply a successive-contrast phenomenon - since 
the mixed condition y i e l d s a smaller displacement - but i s a 
genuinely time dependent process. The p a r a l l e l with the 
previous experiments i s i n t e r e s t i n g . There the tendency was 
f o r simultaneous presentation of "incompatible" inspection 
.figures to r e s u l t i n a diminished v e r s i o n of the e f f e c t of 
e i t h e r one of them alone, while here the same thing r e s u l t s 
from a l t e r n a t i o n of the inspection f i g u r e s . 
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General Conclusions. 
T h i s s e r i n s of experiments together with the r e s u l t s 
of other workers which have been reported seem to make i t 
c l e a r that, at l e a s t i n the dimension of frontal-plane t i l t , 
there i s a process s i m i l a r to that envisaged by Gibson and 
Independent of f i g u r a l a f t e r - e f f e c t s . A non-normal stimulus 
comes, over time, to appear more l i k e the "norm"; i t produces 
an e f f e c t on a normal stimulus which i s not reciprocated by 
the normal stimulus; and other s t i m u l i i n the same dimension 
are also a f f e c t e d . I t i s c l e a r from the c l a s s i c a l work and 
from the magnitude of the indirect-=.e.ffect obtained here that 
under c e r t a i n conditions t h i s generalized e f f e c t remains 
r e l a t i v e l y undiminished even fbr s t i m u l i i n o r i e n t a t i o n s as 
f a r removed as possible from the inspection f i g u r e . Under 
other conditions, however, the decline i n the magnitude of 
the e f f e c t can be quite sharp as shown by the r e s u l t s of 
experiment l ( d ) and by the t e n t a t i v e evidence f o r simultaneous 
b i l a t e r a l normalization. 
Notwithstanding these d i f f e r e n c e s the evidence i s c l e a r l y 
i n favour of t i l t a f t e r - e f f e c t s which involve higher-order 
psychophysical mechanisms than f i g u r a l a f t e r - e f f e c t s and suc-
c e s s i v e contrast which may eventually both be explained by a 
f a i r l y immediate transformation of input, i n v o l v i n g perhaps 
after-image and l a t e r a l i n h i b i t i o n as suggested by Taylor (1962) 
and Ganz (1966). 
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I I i Postural and Visual-Frame E f f e c t s on the 
V i s u a l V e r t i c a l . 
T h i s chapter concerns the v i s u a l judgment of the o r i e n -
t a t i o n o.f l-i:nes with respect e i t h e r to gravity or to the 
body mid-line and the way i n which i t i s influenced by con-
current v i s u a l and postural s t i m u l a t i o n . 
Changes i n the d i r e c t i o n of g r a v i t y with respect to the 
body have been induced e i t h e r by t i l t i n g the subject or by 
spinning him i n a human centrifuge. Despite recent controversy 
i n the l i t e r a t u r e (Witkin, 1952; Howard and Templeton, 1963; 
Witkin, 1964; Howard and Templeton, 1966, p. 174 f f . ) i n 
thTs account the two procedures w i l l be treated as equivalent 
for the s p e c i f i e d purpose.-
The A- and the E- e f f e c t s . 
The A-effect was a c c i d e n t a l l y discovered by Aubert ( l 8 6 l ) . 
He noticed that when he looked at a v e r t i c a l streak of sunlight 
i n an otherwise dark room, i f he t i l t e d h i s head to one aide 
the streak appeared to t i l t i n the opposite d i r e c t i o n . The 
maximum e f f e c t was about 45° when h i s head was t i l t e d to 135° 
from v e r t i c a l , and decreased to zero when h i s head was upside 
down. The v i s i b i l i t y of other objects such as f u r n i t u r e i n 
the room destroyed the e f f e c t , which took s e v e r a l seconds to r e -
appear when darkness was restored or a f t e r t i l t i n g the head 
r a p i d l y from the v e r t i c a l . 
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Although h i s informal observations suggested that at 
l e a s t i n i t i a l l y we judge c o r r e c t l y the t i l t e d p o s i t i o n of 
our heads, Aubert concluded that a f t e r a time we come to 
underestimate the degree* of t i l t of our heads and that t h i s 
i s the explanation of the a f f e c t . The i m p l i c a t i o n i s that 
we .iudge the angle "between head p o s i t i o n and v i s u a l l i n e 
c o r r s c t l y , and therefore apparent l i n e o r i e n t a t i o n i s sub-
j e c t to the er r o r i n .judging head o r i e n t a t i o n . How such a 
delayed phenomenon could produce the f a i r l y immediate A-effact 
i s not c l e a r . 
K u l l e r (1916) made a further study of the a f f e c t of 
posture on the apparent o r i e n t a t i o n of v i s u a l t a r g e t s and 
found that while "some subjects always reported the A-effect 
most wero subject to i t only at large degrees of head t i l t , 
and at small 'degrees reported the opposite effoct - a t r u l y 
v e r t i c a l l i n e appears t i l t e d i n the same d i r e c t i o n as the 
head. This l a t t e r e f f e c t Muller c a l l e d the E - e f f e c t . S i m i l a r 
i n d i v i d u a l d i f f e r e n c e s were reported by Passey and Ray (1950). 
Bourdon (1906) and Bauermeister (1964) found the r e l a t i v e l y 
small E-eff«ct with a suggested maximum at about 30° of head 
t i l t f changing over to the much l a r g e r A-effect at about 50° 
or 60° of head t i l t . 
Sandstrom (l954 f 1956) found a more complex s i t u a t i o n 
with some sub j e c t s showing the A-effect and some the S-eff»ct 
throughout, some showing the E - e f f e c t f or small head t i l t 8 
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and the A-e.ffect .for l a r g e , hut others having the opposite 
pattern. 
Other studies have shown that.when subjects are pas-
s i v e l y t i l t e d away from the v e r t i c a l t h e i r perception of the 
v i s u a l v e r t i c a l (or h o r i z o n t a l ) i s subject to constant 
e r r o r s ( M i l l e r , Pregly, van den Brink, and Graybiel, I965; 
Werner, Wapner and Chandler, 1951; a n ( i Thomas and Lyons, 
1966). 
Lyons and Thomas (j.968) found that pigeons t r a i n e d to 
peck at a v e r t i c a l l i n e tended to generalize to a 30° t i l t e d 
l i n e when the f l o o r on which they were te s t e d was tilt«d up 
to 36° i n the same d i r e c t i o n , i . e . they displayed an A-e f f e c t . 
Day and Wade (1966) found that when the subject i s 
returned to v e r t i c a l a f t e r two or three minutes of head t i l t , 
the.apparent v i s u a l v e r t i c a l i s s h i f t e d i n the d i r e c t i o n of 
the p r i o r head t i l t , i . e . an a f t e r - e f f e c t corresponding to 
the A-ef.fect. Wade (1968) found that f o r a l l h i s conditions 
t h i s a f t e r - e f f e c t was i n the opposite d i r e c t i o n .to the o r i g -
inal- e f f e c t obtained during the t i l t i n g . 
There i s some evidence f o r an analogue of the E-ef f e c t 
i n the s a g i t t a l plane (Schubert and Brecher, 1934). The 
E - e f f e c t a l s o Beems to predominate i n the t a c t i l e - k i n a e s t h e t i c 
modality according to many i n v e s t i g a t o r s , although Sachs and 
Mellor (1903) reported an A-e f f e c t . 
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I t i s now w a l l e s t a b l i s h e d that a normal response to 
l a t e r a l t i l t i n g of the head i s a more or l e s s marked counter-
t o r s i o n of the eyes, i . e . the eyes tend to maintain t h e i r 
o r i e n t a t i o n with respect to gr a v i t y (Howard and Templeton, 
1966, p. 49 f . f . ) and Aubert (l86l) and Nagel (1896) among 
others, considered t h i s coiintertorsion as a possible explan-
at i o n of the A-eff e c t . However, si n c e the eyes rotate l e s s 
f a r than the head, the image of a v e r t i c a l l i n e w i l l rotate 
on the r e t i n a i n the opposite d i r e c t i o n to the head t i l t 
but l e s s f a r than i t would i n the case of a torsionl-ess eye 
system, and i t seems c l e a r that the e f f e c t of count er-tor-s-i-on — 
should therefore be to make a v e r t i c a l l i n e appear t i l t e d , i n 
the same d i r e c t i o n ' a s the head, i . e . the E - e f f e c t rather 
than the A - e f f e c t . I n any case F i s c h e r (1927, 1930a and b) 
found no c l e a r r e l a t i o n s h i p between countertorsion and the 
constant e r r o r i n s e t t i n g a l i n e to the v e r t i c a l . 
Aubert's suggestion that h i s e f f e c t was due to under-
estimation of head, t i l t r e s u l t i n g from somesthetic and 
v e s t i b u l a r adaptation was challenged by Nagel (18.98) and more 
re c e n t l y by Bauarmeister (1964) and HcFarland, Wapner, and 
Werner (1962) who a l l claimed that the displacement of the 
body away from the v e r t i c a l i s i n f a c t overestimated. T h i s , 
l i k e countertorsion would explain the E-ef.fect rather than 
the A-effect and i n fac t these i n v e s t i g a t o r s found that up 
to about 60° of body t i l t the postural overestimation increased 
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and there was a predominant E - e f f e c t . The f a c t that the 
amounts of the two e f f e c t s were not congruent may have been 
due to what appears to be a r a t h e r i n d i r e c t measure of 
apparent posture - the s e t t i n g of a v i s u a l rod to apparently 
p a r a l l e l the mid-body a x i s . However, beyond 60 of body t i l t 
the postural overestimation continued to increase while E-
e f f e c t f e l l to zero and gave way to the opposite, A-gffect. 
Nagel (I896) found that the A-effect was not a l t e r e d 
by the a p p l i c a t i o n of counterweights to the head or of e l e c -
t r i c current to the musculature of the neck. But a p o t e n t i a l 
applied to the side of the erect head i t s e l f produced a marked 
change i n judgment of the v i s u a l v e r t i c a l . I t also produced 
f e e l i n g s of d i z z i n e s s and of f a i l i n g towards the side of the 
cathode, thus supporting Nagel's view that these v i s u a l e f f e c t B 
of posture depend on the vestibular.system and not on k i n a e s -
t h e s i s . 
However, more recent evidence has complicated the p i c -
t u r e . I t appears that v i s u a l constant e r r o r s can be affedted 
by counterweights ( K l e i n t , 1937; Schneider and B a r t l a y , 196 2) 
or by u n i l a t e r a l noise or e l e c t r i c a l muscle stimulation 
(Wapner, Werner and Chandler, 1951; Chandler, I 9 6 I ) . 
Naylor (1963) found that although audit:ory and muscular 
stimulation did induce c h a r a c t e r i s t i c e f f e c t s on the apparent 
v i s u a l v e r t i c a l these were not c o n s i s t e n t l y r e l a t e d to the 
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sidedness of stimulation. And Aarons and Goldenbsrg (1964) 
found that the e f f e c t s of u n i l a t e r a l Galvanic stimulation 
depend on the l o c a t i o n and p o l a r i t y of the electrodes and 
they speculate that the d i f f e r e n c e s r e s u l t from d i f f e r e n t i a l 
e f f e c t s of the stimulus on the muscular, v e s t i b u l a r and 
oculomotor systems. 
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V i s u a l and postural f a c t o r s . 
Despite the i n c o n s i s t e n c i e s i n the studies of the A-
and E- e f f o o t s i t seems c l e a r that v i s u a l d i r e c t i o n i s often 
strongly influenced by postural f a c t o r s . Nevertheless, t h i s 
i s s u e has i n the past generated considerable controversy. 
Koffka (1926) the strongest proponent of the "pure v i s i o n " 
school argued that the d i r e c t i o n s of v i s u a l space are deter-
mined by the main l i n e s of the f i e l d . I n i t s strongest 
i n t e r p r e t a t i o n t h i s case i s c l e a r l y f a l s e - otherwise s e t t i n g 
a l i n e to apparent v e r t i c a l i n an otherwise dark room would 
be impossible since the l i n e would be accep.ted_.as--vertical--
(or perhaps h o r i z o n t a l ? ) wherever i t happened to f i r s t become 
v i s i b l e to the subject. I n f a c t , i t seems c l e a r from the 
examples he c i t e s that what Koffka meant was that v i s u a l 
objeots which are known, perhaps by experience, to be v e r t i c a l 
or h o r i z o n t a l are accepted as such i r r e s p e c t i v e of t h e i r a c t u a l 
o r i e n t a t i o n . For example a v e r t i c a l house on a sloping lawn 
may be reported as a t i l t e d house on a ho r i z o n t a l lawn; on 
t r a v e l l i n g on a mountain railway the t r e e s appear t i l t e d With 
reference to the a c t u a l l y t i l t e d window frame, but on putting 
one's head out of the window the t r e e s r e v e r t to v e r t i c a l , 
and l a t e r i t i s the t r e e s against which the window frame i s 
judged to be t i l t e d ; f i n a l l y Wertheimer's (1912) experiment 
i s i n t e r p r e t e d as i n d i c a t i n g that a v i s u a l l y t i l t e d room con-
t a i n i n g f a m i l i a r o b j e c t s w i l l come to appear v e r t i c a l . 
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Apart from the wealth of emp i r i c a l evidence which 
c o n t r a d i c t s t h i s view, as a theory i t seems inadequate 
i n that there i s no obvious p r i n c i p l e whereby c o n f l i c t s 
are resolved, f o r example why i s the lawn accepted as h o r i z -
o n t a l r a t h e r than the b u i l d i n g being accepted as v e r t i c a l , 
why i s the window frame i n i t i a l l y accepted as v e r t i c a l r a t h e r 
than the t r e e s and what i s c r i t i c a l about the experience 
which l a t e r r everses t h i s r e s o l u t i o n ? 
An approach to t h i s problem of p r e d i c t i n g r e l a t i v e 
strengths of various v i s u a l cu«s was made by K l e i n t (1936) 
who used a v e r t i c a l and a t i l t e d fr3me^and_.fo-und-that—th«- - - -
frame occupying the l a r g e r proportion of the v i s u a l f i e l d 
was t y p i c a l l y accepted as v e r t i c a l * For example, when 
looking out of the window of a t i l t e d room the subject w i l l 
accept the room as v e r t i c a l when he i s f a r from the window 
but w i l l r e v e r s e . h i s d e c i s i o n as he approaches the window 
and more of the cutBide scene becomes v i s i b l e . The "p a r t -
space" appears appropriately t i l t e d , but i t also i n turn 
a f f e c t s the o r i e n t a t i o n of the " f u l l - s p a c e " to some extent. 
Such "mutual induction" has also been demonstrated i n the 
t h i r d dimension of v i s u a l space (Werner, 1938; Howard and 
Templeton, 1964a) . 
Kof flea's c h i e f opponents Gibson and Mowrer (1938) take 
a somewhat l e s s extreme view, that the v i s u a l v e r t i c a l i s 
"determined by v i s u a l f a c t o r s and g r a v i t a t i o n a l f a c t o r s 
a c t i n g j o i n t l y * with o r i e n t a t i o n to g r a v i t y , however, as the 
more d e c i s i v e f a c t o r and the primary f a c t o r g e n e t i c a l l y 
(p. 303)* They match every anecdote of Koffka, f o r example 
c i t i n g Helraholtz's (1962, v o l . 3 , p. 250) report that oh a 
s h i p the cabin i n i t i a l l y appeared v e r t i c a l ancfiahanging bar-
ometer seemed.to sway but that a f t e r a time the barometer 
appeared v e r t i c a l and the cabin seemed to sway. 
They t r i e d , to argue that the apparent t i l t of the t r e e s 
i n the mountain-railway example could have been due to a pure 
con t r a s t e f f e c t as i n the Z o l l n e r i l l u s i o n where a v e r t i c a l 
l i n e appears t i l t e d when superimposed on a f i e l d of p a r a l l e l 
"t"TlWd —lT-nes. - However, i t i s not c l e a r that the Z o l l n e r 
i l l u s i o n i s a. pure ..contrast e f f e c t , - i . e . that the t i l t e d 
f i e l d does not tend to be accepted as v e r t i c a l ; and Koffka 
c l e a r l y reported that the window frame appeared upright.. 
Nor does t h i s i n t e r p r e t a t i o n account f o r the r e v e r s a l which 
occurred when the. t r e e s were accepted as upright and the 
window frame appeard t i l t e d . 
Gibson repeated Wertheimer*s experiment using e i t h e r a 
mirror or r o t a t i n g prisms and found that -although the room 
came to appear more " n a t u r a l " i t never ceased to look t i l t e d . 
And Boring (.1952) had h i s subjects Bet a l i n e to the v e r t i c a l 
when a background window pattern was t i l t e d to e i t h e r the 
same side or the opposite side to the body. He found that 
constant e r r o r s were unaffected by the d i r e c t i o n of t i l t of 
the -frame. 
Reese (1953) found that the constant e r r o r of s e t t i n g 
a rod to the v e r t i c a l increased with i n c r e a s i n g room t i l t , 
but only up to a room t i l t of 5 ° " 1 0 ° beyond which there 
was a gradual reduction of e r r o r , i . e . an i n c r e a s i n g r e l i a n c e 
on postural cues. 
Gibson and Howrer f i l i a l l y concluded that " V i s u a l l i n e s 
are not i n t h e i r own r i g h t s t i m u l i f o r o r i e n t a t i o n . I f the 
eyes r o l l e d at random with the head, i f the organism could 
not be oriented to g r a v i t y , a v e r t i c a l l i n e of s t i m u l a t i o n 
on the r e t i n a would be n e u r o l o g i c a l l y meaningless". T h i s 
statement i s e i t h e r f a l s e , i f i t meann that an organism 
l-aok-i-ng-npn-vi'sual postural apparatus could not uBe d i r e c t 
v i s u a l information about the d i r e c t i o n of g r a v i t y , such aB 
plumb-lines; or i t i s t r i v i a l , i f i t means that the only 
way to judge the r e l a t i o n s h i p between the o r i e n t a t i o n of a 
v i s u a l l i n e and that of the unBeen body i s e i t h e r to know 
the o r i e n t a t i o n of both with respect to gravity or to know 
the successive r e l a t i o n s h i p s i n the line-eye-head-body chain. 
However, despite weaknesses i n GibBon's c r i t i q u e of 
Koffka i t seems c l e a r that any strong i n t e r p r e t a t i o n of 
t-he l a t t e r ' s theory i s r u l e d out by the f a c t s of the A-and 
E - e f f e c t s and by Real's (1926) f i n d i n g that a l i n e can be 
set to the v e r t i c a l no more accu r a t e l y with a frame present 
than i n the dark, even a f t e r an hour's t e s t i n g i n the dark. 
I t seems equally d i f f i c u l t to substantiate as a u n i v e r s a l 
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p r i n c i p l e that postural f a c t o r s dominate v i s u a l , and indeed 
Gibson (1952) l a t e r conceded that the r e a l t a s k i s to explore 
the i n t e r a c t i o n between v i s u a l and postural f a c t o r s r a t h e r • 
than to ask which of them i B dominant. He s t r e s s e d the 
important d i s t i n c t i o n between s i t u a t i o n s where the two f a c t o r s 
co-vary, as when the subject t i l t s h i s head, and those where 
t h e i r r e l a t i o n s h i p a l t e r s , as when s p e c i a l lenses are worn 
or the subject s i t s i n a centrifuge with a normally oriented 
environment remaining v i s i b l e . I n the l a t t e r case there are 
two a l t e r n a t i v e response modes and which 1B chosen depends 
on a t t i t u d e , sex, e t c . and may not be of fundamental theoret-
i c a l i n t e r e s t . 
An important s e r i e s of experiments which helped demolish 
the supposed preponderance of postural f a c t o r s was reported 
by Asch and Witkin (1948 a and b ) . They studied Wertheimer*s 
t i l t i n g mirror s i t u a t i o n and an a c t u a l l y t i l t e d model room, 
using the o b j e c t i v e method of s e t t i n g a l i n e to v e r t i c a l or 
to p a r a l l e l with the body. I n general the r e s u l t s showed a 
marked e f f e c t of v i s u a l frame and t h i s swamped any e f f e c t of 
t i l t i n g the subject. But there were marked i n d i v i d u a l d i f -
ferences i n response s t y l e which became the focus of a t t e n -
t i o n i n the l a t e r work of these authors. 
The experiment i n t h i s s e r i e s which i s here of moBt 
immediate i n t e r e s t i s one i n which Witkin and Asch (1948) 
used a v i s u a l square frame which was t i l t e d 2 8 ° to l e f t or 
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r i g h t i n the subjects f r o n t a l plane. The Bub.iectB were e i t h e r 
upright or t i l t e d 28° to the l e f t and had to set a rod of 
s i m i l a r s i z e to the frame, to the apparent v e r t i c a l . The 
rod and frame were the only v i s i b l e o b j e c t s present. The 
r e s u l t s were s i m i l a r to those of the other experiments and 
Witkin and Asch concluded that the v i s u a l frame 1B much more 
potent than postural f a c t o r s ; an upright v i s u a l frame l i m i t s 
the e f f e c t of body t i l t to about three degrees (compared with 
eight degrees i n the absence of the frame),} whereas the frame 
e f f e c t i t s e l f i s about s i x degrees f or an upright observer 
compared with nine degrees when body t i l t opposes the frame-
e f f e c t and twelve degrees when i t r e i n f o r c e s i t . 
These r e s u l t s c l e a r l y c o n f l i c t with those of Boring's 
apparently s i m i l a r experiment r e f e r r e d to above. A number 
of suggestions have been put forward to account f o r the d i f -
ference. Mann (1952) thought that Boring's frame might net 
have been s u f f i c i e n t l y a r t i c u l a t e d to show an effeot and he 
repeated the experiment using a complete t i l t i n g room a s the 
frame. He found l i t t l e e f f e c t of t i l t i n g only the subject 
but a s u b s t a n t i a l e f f e c t of t i l t i n g the room p a r t i c u l a r l y 
when the subjects were t i l t e d i n the opposite d i r e c t i o n , 
although the e f f e c t s of the frame were i n general smaller 
than those recorded by Asch and Witkin. I t should.be noted 
here that these f a i l u r e s to f i n d e f f e c t s of body t i l t are 
not i n c o n s i s t e n t With the A- and E-effedts s i n c e the l a t t e r 
occur i n the absence of a v i s u a l frame. 
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Further evidence which could he inte r p r e t e d as showing 
that v i s u a l e f f e c t s increase with i n c r e a s i n g stimulus com-
p l e x i t y i s provided by tfeiner (1955 »)• The subject was 
e i t h e r erect or t i l t e d 28° and had to set to the v e r t i c a l 
e i t h e r a rod, a square or a cube from a s t a r t i n g p o s i t i o n 
of 28°. He found that s e t t i n g s i n general deviated i n the 
d i r e c t i o n of the s t a r t i n g p o s i t i o n - the t i l t a f t e r - e f f e c t -
and away from the d i r e c t i o n of body t i l t - the E - e f f e c t . 
But whereas the postural e f f e c t declined, the v i s u a l e f f e c t 
increased with i n c r e a s i n g stimulus complexity. Unfortunately 
i t i s not c l e a r whether t h i s i s a comparable s i t u a t i o n to 
the others, i n which a constant stimulus i s judged against 
a background or frame of changing complexity; i n addition, 
Weiner presents h i s r e s u l t s i n terms of e r r o r s averaged 
"without regard to Bign " , a measure which confounds constant 
and v a r i a b l e e r r o r s but which the author i n t e r p r e t s through-
out as constant e r r o r . 
On the other hand Curran and Lane (1962) found that 
v i s u a l cues contribute more than postural f a c t o r s to the 
p o s i t i o n of the apparent v e r t i c a l , even when they are few 
and dimly i l l u m i n a t e d , suggesting that Boring's r e s u l t s are 
u n l i k e l y to be due s o l e l y to weakness of the v i s u a l frame. 
A f u r t h e r suggestion to account f o r the d i f f e r e n c e s 
between Boring's and Witkin and Asch's' r e s u l t s concerns 
t r a i n i n g . Mann and Boring (1953) found that naive subjects 
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produced l a r g e r e r r o r s than t r a i n e d and c a r e f u l l y i n s t r u c t e d 
s u b j e c t s , p a r t i c u l a r l y when the room was t i l t e d . But Witkin 
(1953) pointed out that the i n s t r u c t i o n s he and Asch had 
used corresponded to those given to Mann and Boring's sophis-
t i c a t e d group and so the di f f e r e n c e s oould not be explained 
i n t h i s way. 
Other st u d i e s on the e f f e c t of t r a i n i n g are reported by 
Bitterman and Worchel (1953) who found that blindfolded sighted 
s u b j e c t s are l e s s r e s i s t a n t than subjects b l i n d from b i r t h to 
the d i s r u p t i v e e f f e c t s of body t i l t on s e t t i n g a rod to the 
v e r t i c a l by hand, and concluded that postural f a c t o r s , while 
g e n e t i c a l l y p r i o r , could become through t r a i n i n g l e s s important 
than v i s u a l f a c t o r s . Witkin (1948) and Wetner (1955 *>) found 
that c e r t a i n types of t r a i n i n g , for example teaching subjects 
about the nature of postural oues, could produce a greater 
r e l i a n c e on and more v a l i d i n t e r p r e t a t i o n of po s t u r a l input, 
r e s u l t i n g i n a l e s s d i s r u p t i v e e f f e c t of body t i l t . On the 
other hand E l l i o t t and HoHichael (1963) f a i l e d to improve 
performance by means of t r a i n i n g and concluded that the i n -
a b i l i t y to make v a l i d use of postural cues i s "a st a b l e and 
durable d e f i c i t " . 
I n view of the m u l t i p l i c i t y of f a c t o r s which may influence 
frame-and-*posture-dep«ndence - subject s e l e c t i o n , t r a i n i n g and 
i n s t r u c t i o n s , r e l a t i v e strength of cues and duration of exposure 
i t i s perhaps not s u r p r i s i n g that two stu d i e s l i k e Witkin and 
Asch*s and Boring's should produce c o n f l i c t i n g r e s u l t s . 
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The Nature of^ Postural CUBB. 
When one comeB to look at the various sources of i n f o r -
mation which could aid the stationary animal i n orienting 
i t s e l f and which have b*en previously lumped together as 
"postural cues" one can distinguish three broad classes: 
(a) input to the u t r i c l e s which could provide information 
regarding the position of the head with respect to gravity, 
(b) d i f f e r e n t i a l pressure inputs from those parts of the 
body i n contact with supporting surfaces, and from the 
viscera^which could give information about the gravitational 
orientation of the body as a whole, (Gray and Malcolm, 1950; 
Gray and Matthews, 1951; Cohen, 1964), and (c) motor-
kinaesthetic inputs which could give information about either 
the gravitational orientation of the whole body, for example 
the generalized s t r a i n on one side of the body when i t i s 
t i l t e d to the other side, or the relationship of body parts, 
for example the fact that the eyes are rotated i n the head 
or the head t i l t e d on the trunk. Considering the neck system, 
receptorB i n the j o i n t capsules of the c e r v i c a l vertebrae 
have been shown to play an important role i n maintaining 
spatial orientation (Cohen, 1961; McCouch, Deering, and 
Ling, 1951)* Malfunction of the sterhomastoid muscle has 
also been associated with v e r t i g o (Weeks and Travell, 1955; 
Gray, 1956). The only one of these groups of poBtural inputs 
whose loss i s r e l a t i v e l y easy to study i s u t r i c u l a r function, 
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but the evidence i s scanty. The only clearly defined u t r i c -
ular reflex i n man i s countertorsion, the tendency of the 
eyes to retai n their orientation during l a t e r a l head t i l t . 
During actual t i l t i n g of the head a large effect may be 
observed but when the head i s stopped i n a t i l t e d position 
t h i s rapidly decreases to about six degrees for head t i l t s 
of 60° to 120° (Schone, 1962). The large temporary torBion 
i s thought to be a function of the labyrinths while the 
residual effect must depend on the u t r i c l e s and i s absent 
when the experiment i s carried out with the head t i l t e d 90° 
forwards or backwards (Mulder* 1897; Herton, 1956, 1958; 
Davies and Herton, 1958-)* Also" the amount of torsion i s a 
function of the magnitude of the l a t e r a l force i n a human 
centrifuge (Woellner and Graybiel, 1958, 1959) » B non-
existent i n deaf-mutes (Kompanejetz, 1925). B i l a t e r a l loss 
of vestibular function i s accompanied by an immunity to 
motion sickness and ah i n a b i l i t y to stand upright or to main-
t a i n s t a b i l i t y while swimming, and unilateral loss by con-
siderable distress and disorientation (Howard and Templeton, 
1966) but the only effect whioh i s permanent i s the immunity 
to motion sickness, and i t seems l i k e l y that most of these 
effects are due to vestibular canal loss rather than u t r i c l e 
loss. Wing (1963) was unable to record any consistent poten-
t i a l changes i n the mammalian vestibular ganglion i n response 
to head t i l t and suggested that the u t r i c l e i B largely 
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ve s t i g i a l i n higher mammals, where vision and kinaesthesis 
are dominant i n posture control. And Birren (1945) claimed 
that vestibular thresholds, as measured by r^flex-nye—movement 
thresholds, are much too high to account f o r the correction 
of normal sway i n erect blindfolded subjects. Even pigeons 
when deprived of vestibular apparatus have normal leg and 
wing reflexes (Hittelstaedt, 1964)* 
Temporary effective loss of ut r i c u l a r function can be 
produced by immersing the subject i n water and t h i s increases 
the mean error of setting a rod visually to the ver t i o a l 
( S t i g l e r , 1912; Schock, 1959; Whiteside, 1960; Brown, I 9 6 I ) . 
However., t h i s procedure also drastically affeots spmesthetic 
and kinaesthetic input, and Garten (1920) found that while 
immersion affected the performance of normal subjects i n 
setting t h e i r bodies to the v e r t i c a l i n a t i l t i n g chair, 
anaesthetizing the skin areas i n contact with the chair, by 
eooling the buttocks, had no effect; nor were subject8 with 
defective inner ears less accurate than normals; he therefore 
concluded that kinaesthesis, rather than soraesthesis or vest-
ibular function, was c r i t i c a l i n posture maintainan.ee. 
Arendts (1924) confirmed the unimportance of soraesthesis by • 
using local anaesthesia. Mann, Berthelot-Berry, and Dauterive 
(1949) found that padding the chair to reduce touch sensations 
did increase error but 1his may have been due to greater relax-
ation i n h i b i t i n g body movements from which the subject normally 
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derives information. Recent evidence generally suggests 
that labyrinthine defects do not markedly affect postural 
a b i l i t i e s , at least after an i n i t i a l period of adaptation 
to the damage (Thetford and Quedry,1952 a and b; Clark and 
Graybiel, 1963). . 
88. 
Vestibular Involvement i n A- and E-effects. 
Turning specifically to the A- and E-effacta the most 
reasonable expectation might appear to be that the influence 
of the u t r i c l e s , i f anything, should be i n the direction of 
reducing these poBtural effects on visual direction, through 
providing additional information about the true orientation 
of the head. However, most workers who have studied the 
effect of loss of vestibular function appear to have operated 
on the quite different expectation that i f there i s vestibular 
involvement then vestibular loss should result i n destruction 
of the A- and E-effects; that t h i s does not occur has accord-
ingly been taken as evidence of the unimportance of -vestibular 
function. This reasoning seems to assume that when the head 
or body i s t i l t e d the vestibular input i s subject to some 
special error which i n d i r e c t l y results i n false visual direc-
t i o n ; i n the absence of vestibular input >control would pass 
to other postural Bystems presumably giving v i r i d i c a l i n f o r -
mation, and the visual errors would disappear. Part of t h i s 
assumption was made ex p l i c i t by Witkin and Asch (1948) when 
they explained t h e i r finding that the frame effect was greater 
when the body was t i l t e d , by suggesting that postural cues 
were most v a l i d when the body i s erect. Feilchenfeld (1903) 
and Barany (1921) recorded A-effects from congenitally deaf 
subjects, and Fischer (1950b) reported an E-effeot from a 
subject with u n i l a t e r a l vestibular loss and an A-effect from 
another with b i l a t e r a l loss. 
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The unuftl conclusion from t h i s sort of result has been 
that vestibular cues are not important i n the judgment of 
visual direction. More recently, however, a few workers 
have taken the view that the vestibular system where oper-
ative should be a factor tending to reduce error effects i n 
visual direction. M i l l e r and Qraybiel (1966) tested normal 
and labyrinthine-defective subjects on setting a target to 
horizontal either s i t t i n g upright, l y i n g on t h e i r sidea, or 
with t h e i r heads inverted, and with or without a v i s i b l e 
background of objects giving strong v i r i d i c a l cues to ver-
t i c a l and horizontal. A l l of these postures allow potential 
u t r i c u l a r information about the direction of gravity. No> 
Burprisingly -both groups were "extremely accurate i n a l l 
postures provided the visual background was present. I n the 
head-inverted condition both groups showed a small but similar 
decrement when the visual background was removed; but i t i s 
d i f f i c u l t to baBe any conclusion on this- condition since 
there i s considerable uncertainty about o t o l i t h i c function 
i n such a posture. I n the recumbent position loss of visual 
background produced a marked decrement (16° of average abso-
lu t e deviation) i n the normals, but a very much larger one 
(28°) i n the labyrinthine-defectives. (Aocording to the 
authors these figures are a measure of the A-effect since i n 
t h i s posture a l l the deviations were i n the same direction.) 
Finally i n the upright posture loss of visual background 
produced a small but significant decrement but only for the 
labyrinthine-defectives. Similar results were found i n a 
seoond experiment i n whioh the same groupB i n the same 
postures had to maintain the target apparently 'horizontal 
throughout successive periods when the visual background 
was either present or absent; the fluctuations during the 
dark periods were termed "rotary autokinesis". M i l l e r and 
Graybiel conclude that t h e i r evidence contradiots any claim 
that the utricles- operate to produce error i n localization 
associated with head (body) t i l t " . 
I n addition Mann (1951) claimed that his patient with 
V I I I * t h nerve paralysis had a larger-th.an-norraal A-effect, 
but this- may have- been due 'to what appear to be unusually 
small effectB i n his control group. 
Clark and Graybiel (1967) on the other hand f a i l e d to 
f i n d any consistent effect of several combinations of head 
and body t i l t on the visual v e r t i c a l i n either normal or 
defeotive. sub.ieota; they concluded that the vestibular 
information waB unnecessary for accurate performance, which 
is consistent with the evidence cited earlier for the slight 
effect that vestibular loss has upon general posture control. 
This study was unusual i n that instead of being foroed pas-
sively into position, the subjects actively and without 
external support produoed and maintained head t i l t and body 
t i l t , which was merely monitored by the experimenter. The 
resulting increase i n motor-kinaesthetic and t a c t i l e i n f o r -
mation may have been suf f i c i e n t to permit accurate performance 
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with or without the vestibular system. 
Another attempt to reinstate vestibular input as val i d 
rather than error-producing information was made by Wade 
(1968) who used the technique of combining sets of cues i n 
co-operation or opposition rather than studying the effects 
of the pathological loss of a particular set. He argued 
that head t i l t alone involves o t o l i t h and neck stimulation, 
while t i l t i n g of the trunk alone involves neck and trunk 
stimulation. His subjects made visual v e r t i c a l i t y judgments 
either while t i l t e d or immediately on being returned to the 
upright position after two minutes of t i l t . Table 2.1 shows 
'the t i l t conditions, the supposed sensory systems i n which 
change occurs, and the magnitude ( i n degrees) and direction 
of the effects and after-effects. A l l conditions involved 
Table 2.1. 
Hade's (1968) model of the influence of posture on the 
visual v e r t i c a l , and obtained results. 
Condition. Sensory changes Effect. After-effect. 
involved. 
RHT +0 +n -4.1 155 
LET -o -n 4.7 -2.1 
HBT +0 +t -3.7 0.8 
LBT -o - t 3.4 -1-4 
RTT -n +t 1.4 -1.0 
LTT +n - t -0.9 0.7 
30° of t i l t and + represents r i g h t . Thus the immediate 
effects i n the head-and-body-tilt conditions represent the 
E-effect, and the after-effect i s i n a l l oases of opposite 
sign to the effect and i n most cases considerably smaller. 
His argument i s that since these, are the systems which a l t e r 
when the particular t i l t occurs, a resulting decrement i n 
performance must be due to f a i l u r e of one or both systems. 
For example, head t i l t gives consistently larger effectB and 
after-effects than body t i l t and therefore the neck system 
must be more "potent" ( i . e . weak) than the trunk system (the 
o t o l i t h changes being common to both head and body t i l t ) . 
This i s oonfirmed by the t r u n k - t i l t conditions which involve 
neck and trunk systems i n opposition and. where the effects 
and after-effects are consistently i n the direction expected 
on the basis of the n«ck changes. 
Hade's data does not give any direct indication of the 
role of the o t o l i t h system but i t i s clear that he regards 
i t as a constancy-maintaining factor and considers the neck 
and trunk systems to be responsible for a l l the after-effects, 
mainly on the grounds that the ooulogravio i l l u s i o n , which i s 
regarded as an index of o t o l i t h function, shows no adaptation 
over time (Clark and Grayhiel, 1962, 1966). Hazlewood and 
Singer (1969) have recently reported a similar experiment 
using judgments of kinaesthetic v e r t i o a l i t y and giving similar 
results - large E-effacts i n head-and-body-tilt conditions 
but not i n t r u n k - t i l t conditions. 
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Another method of eliminating gravitational cues i s 
to have the subject supine (or prone) so that the direction 
of gravity i s orthogonal to the plane of rotation of the 
horizontal l i n e which the subject attempts to align with 
the long axis of his body. Unlike the use of labyrinthine-
defective subjects but l i k e the approximation of weightless-
ness by immersion, t h i s procedure renders inoperative not 
only the u t r i c l e s but also the complex of tactile-kinaes-
thetio cues to the direction of gravity. 
Rock (1954) had his subjects set a lin e p a r a l l e l with 
or at right angles to the long axis of the head when supine. 
Constant errors were i n both directions and ranged up to 
.nine degrees, and standard deviations ranged from two to 
six-and-a-half degrees with a mean of four. Rook judged 
this, an accurate performance and concluded that the loss of 
gravitational cues was not serious. This appears to be 
t o t a l l y unwarranted. The task i s a r e l a t i v e l y simple one 
involving only two links (the orientation of the l i n e on 
the retina and of the eye i n the head); i n any ease i t i s 
not known how accurate performance i s i n the erect posture 
and no control group was used. 
The supine posture was also used by Brosgole and Cris t a l 
(1967) i n a recent attack on the now almost universal view 
that visual and postural cues interact to determine the 
visual v e r t i c a l , that f or example a t i l t e d frame i n co n f l i c t 
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with the postural cues of an erect observer produces a 
compromise change i n f e l t orientation which i n turn gives 
r i s e to a modified conception of visual space. They point 
out that there i s here an i n p l i c i t assumption that the 
visual v e r t i c a l i s d i r e c t l y determined by the f e l t orien-
t a t i o n of the body and yet i t i s precisely t h i s l i n k which 
has never been studied - how gravity, which gives information 
only about the orientation of the body, can be used i n the 
judgment of the orientation of a target which i s sensed only 
visually. I n addition the interactionist view would seem 
to require a similar sized change i n apparent body orientation, 
whereas Passey (1950) found that the maximum effect of a 
visual frame'on the apparent body v e r t i c a l was about two 
degrees. 
Brosgole and Cristal suggest the alternative view that 
the rod-and-frame effect i s a purely visual phenomenon and 
that any small postural effect i s a result rather than the 
cause of the visual change. They report a series of experi-
ments elaborating t h e i r visual analysis of the rod-and-frame 
effect and these have already bean reviewed i n the chapter 
on t i l t adaptation. Of more immediate interest here i s 
another experiment i n which they compared performance on the 
Witkin rod-and-frame test when the subjects were erect and 
supine and the task was to align the rod with the long ax-is 
of the body. They found mean effects of the frame of 7° and 
9*7° i n the two conditions, and although t h i s d i f f e r e n c e i s 
not s i g n i f i c a n t they seem to think i t requires an explan-
a t i o n . They say the d e t e r i o r a t i o n i n the Bupine posture, 
and i n the t i l t e d postures used by other workers i s due 
not to the absence of g r a v i t a t i o n a l cues or t h e i r c o n f l i c t 
with v i s u a l ones but simply to the f a c t that subjects are 
i n an u n f a m i l i a r s i t u a t i o n . They claim without formal 
evidence that the d e t e r i o r a t i o n does not oocur when the 
subject i s standing and the d i s p l a y i s on the f l o o r or the 
c e i l i n g , and judge these s i t u a t i o n s to be f a m i l i a r ones i n 
which u s e f u l g r a v i t a t i o n a l cues are l a c k i n g . This seems 
a very poor argument for the unimportance of postural cues, 
p a r t i c u l a r l y i n view of the equivocal r e s u l t s and the weak-
ness of the concept of " u n f a m i l i a r i t y " . 
I n view of the uncertain r e s u l t s of these s t u d i e s the 
present experiment was designed to compare performance i n 
the erect and supine postures and to study the r e l a t i v e 
s u s c e p t i b i l i t y i n the two postures to the common errors i n 
v e r t i c a l i t y judgments - the e f f e c t s of head t i l t and of a 
t i l t e d v i s u a l frame. 
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EXPERIMENT 2. 
Apparatus. 
The display v i s i b l e to the Bub.ject consisted simply 
of a pair of parallel 4.25 inch lines of l i g h t (the frame) 
set at ey« level with t h e i r centres horizontally separated 
by nine inches. Midway between the frame lines another 
l i n e of l i g h t (the test l i n e ) 3.5 inches long rotated i n 
the f r o n t a l plane about i t s own centre. These lines, which 
were mounted approximately 18 inches from the subjects eyes, 
consisted of one-eighth s l i t s milled i n metal plates, the 
two .plates carrying- the f-rame s l i t s being fastened to a 
p a r t i t i o n i n the rectangular wooden apparatus box and. the., 
circular plate carrying the test s l i t being free to rotate 
flush with the same p a r t i t i o n . This circular plate pro-
truded about one inch through the c e i l i n g of the box and 
half degree protractor marks on i t s rim allowed i t s angular 
position to be read o f f against a reference l i n e on the out-
side of the box. The subject viewed binocularly with his 
face pressed against a rubber mask mounted i n the end of 
the box. 
Using a small number of p i l o t subjects the back-
illumination of the s l i t s was adjusted u n t i l (a) the frame 
s l i t 8 appeared approximately half as bright as the test 
s l i t and (b) nothing else became v i s i b l e inside the box 
during a period twice as long aB a typi c a l experimental 
session. 
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Close to the position of the face mask a system of 
chin-rest and temple damps was mounted on the box so that 
the subjects head would maintain a constant relationship to 
the box as the l a t t e r was rotated i n the fronto-parallel 
plane. Either the right or the left-hand bottom edge of 
the box could be l i f t e d and a standard wooden block inserted 
to give the box an incl i n a t i o n of 20 degrees. The r e l i a -
b i l i t y of t h i s procedure was ensured by the use of stops 
to prevent horizontal slipping of either block or box. The 
whole box and block system stood on a platform which could 
be racked up or down to match the height of individual sub-
jects "when standing erect. 
In another condition the subject lay i n a supine pos-
i t i o n on a mattress with his body aligned by eye with two 
para l l e l lines drawn on the f l o o r . The box now stood on 
i t s front end and was lowered u n t i l the mask pressed on the 
subject*s face and the chin-res>temple--cramp system could 
be secured. The fronto-parellel rotation - now about a 
ve r t i c a l axis - was achieved by means of- stops fastened to 
the platform on which the box rested. 
I n both erect and supine conditions two bars extending 
sagittally towards the Bubject from the platform supporting 
the apparatus were adjusted to press on the sub ject's shoulders 
and maintain them level even when the head was t i l t e d . 
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The experimenter rotated the d i s c by hand and the dangers 
inherent i n t h i s procedure were minimized by i n s t r u c t i n g the 
experimenter not to watch the angular s c a l e while the d i s c 
was i n motion. The experimenter developed a smooth r o t a t i o n 
technique i n Which one hand took over the work before the 
other hand reached the end of i t s t r a n s i t . I n any case the 
s l i t was small r e l a t i v e to the d i s c so that any i r r e g u l a r i t i e s 
of motion at the rim would i n l i n e a r terms be considerably 
demagnified at the extremities of the l i n e of l i g h t . 
The two p a r a l l e l frame l i n e s were f i x e d at 20° counter-
clockwise r e l a t i v e to the s i d e s of the .box. and therefore-
r e l a t i v e to the subject*s head. Thus when the su b j e c t * s 
head was t i l t e d to the r i g h t the frame was p a r a l l e l with 
h i s body a x i s , when the subject's head was upright on h i s 
body the frame was 20° to the l e f t , and when the su b j e c t * s 
head was t i l t e d to the l e f t the frame was 40° to the l e f t 
r e l a t i v e to h i s body a x i s . 
Subjects. 
Fourteen subjeots were used, seven male and seven female. 
They were aged from twenty to t h i r t y and were undergraduates, 
postgraduates.and s t a f f from the Department. A l l subjects 
reported c l e a r v i s i o n of the stimulus d i s p l a y with o p t i c a l 
c o r r e c t i o n i f normally used, and a l l s u b jects passed the 
Worchel t e s t of standing on one l e g f o r f i v e seconds while 
b l i n d f o l d e d . Two candidates were r e j e c t e d f o r f a i l u r e on 
t h i s t e s t . No subject had knowledge of the purpose of the 
experiment. 
Procedure. 
Apart from the screening t e s t s described above no 
s p e c i a l pre-experimental procedures or precautions were 
undertaken. The room l i g h t s but not the display l i g h t s were . 
on while the subject was positioned and secured. 
The i n s t r u c t i o n s were as follows: 
"The experiment i s concerned -with finding-out 
how w e l l you can set a l i n e p a r e l l e l to the midline 
of your body when.you are standing up and when you 
are l y i n g down. Sometimes the box to which your 
head i s attached w i l l be tilt«d'.»-ar;little and I want 
you to r e l a x and l e t your head go along e a s i l y with 
the box and keep i t i n the f i n a l p o s i t i o n of the 
box without s t r a i n i n g . The three l i n e s you saw 
before " ( i n the screening t e s t ) " w i l l sometimes be 
.there and sometimes only the centre l i n e . I n any 
caBe I want you to disregard the two outer l i n e s 
and concentrate on the centre one. On each t r i a l 
i t w i l l s t a r t i n .a very t i l t e d p o s i t i o n and I s h a l l 
move i t back towards the upright. I want you to 
t e l l me as Boon as i t appears to be p a r a l l e l to 
the midline of your body, that i s p a r a l l e l to a 
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l i n e extending from a point midway between your 
shoulders to a point between your f e e t . When 
you t e l l me I s h a l l leave i t on for a second or 
two and you can make f u r t h e r adjustments i f you 
are not s a t i s f i e d , but I must t e l l you that i n 
t h i s s o r t of task snap judgments are u s u a l l y the 
beat". 
There were twelve conditions since the frame could be 
e i t h e r on or o f f (P, NF) the subject could be e i t h e r erect 
or supine (E, S) and h i s head could be e i t h e r upright on h i s 
body or t i l t e d l e f t or r i g h t (HU, HL, HH). JWith only seven 
subjects- of each sex i t was not po s s i b l e completely to counter-
balance the order of conditions, but there was an attempt to 
approximate t h i s as c l o s e l y as p o s s i b l e . Approximately h a l f 
of each sex group (four males and three females) were given 
the a i x E conditions f i r B t , the other h a l f the s i x S con-
d i t i o n s . Approximately h a l f of the r e s u l t i n g groups (one 
or two s u b j e c t s ) were given NF before F conditions i n both 
E and S conditions, the other h a l f F before NF. F i n a l l y 
each Bubject was assigned an order of head t i l t conditions 
which was the same f o r a l l four frame and posture conditions, 
so that each of the twelve p o s s i b l e orders of head t i l t was 
used at l e a s t once and not more than twice. Preliminary 
s c r u t i n y of the r e s u l t s i n terms of condition order revealed 
n e g l i g i b l e e f f e c t s and t h i s f a c t o r was not included i n the 
f i n a l a n a l y s i s . 
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The conditions followed each other as r a p i d l y as was 
allowed by the necessary a l t e r a t i o n s to the apparatus, and 
the whole experiment l a s t e d about one hour. Each subject 
made eight determinations under each of the twelve con-
d i t i o n s , with the t e s t l i n e being i n i t i a l l y positioned 
between 30° and 50° to the right on h a l f the t r i a l s , to the 
l e f t on the other h a l f . 
R e s u l t s . 
The data f o r a n a l y s i s consisted of the alg e b r a i c mean 
(constant e r r o r ) and the standard d e v i a t i o n of the eight 
determinations made on eaoh subject under each condition. 
Table 2.2,- shows these two measures averaged over the seven 
s u b j e c t s i n each sex group. 
The means and standard deviations were separately 
analysed i n two s p l i t plot designs with sex as a between-
s u b j e c t s f a c t o r and repeated measures on posture, h e a d - t i l t 
and frame. The analyses-are-shown i n Table 2.3* 
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Table 2.3. 
A n a l y s i s of variance of standard deviations and constant 
e r r o r s i n experiment 2. 
Standard 
d e v i a t i o n s . 
Constant 
e r r o r s . 
Source. 
Sex 
Subjects within sex 
d.f. M.S. P. H. S • 
1 9-08 4.1 NS 1.60 
12 2.23 26.98 
F. 
NS 
Pasture 1 
Posture x sex 1 
Posture x sub j e c t s 
within sex 12 
41.77 4 5 . 9 X X X 343.60 • 17*2 X X 
3.90 4.3 NS 8.15 NS 
0.91 20.30 
Frame 
Frame x sex 
Frame x s u b j e c t s 
within sex 
1 0.90 NS- --156.2I 12.0 
1 0.03 NS a 00 NS 
12 0.72 13.02 
Head 
Head x sex 
Head x sub j e c t s 
within sex 
2 
2 
24 
14.24 23. 6*** 1453* 51' 46.. 9 X X X 
1.35 
0.60 
NS 18.07 NS 
30,99 
Posture x frame 1 
Posture x frame x sex 1 
Posture x frame x 
subjects w i t h i n sex 12 
0.00 NS 
1.55 7.2* 
0.22 
88.89 8.2* 
1.68 NS 
KD.90 
Posture x head 2 
Posture x head x sex 2 
Posture x head x 
subjects w i t h i n sex 24 
I . 6 9 
0.75 
0.57 
NS 
NS 
$1 . 6 4 2 4 . 5 m 
17.88 NS 
29.92 
Continued o v e r l e a f 
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Table 2 . 3 . (Continued) 
Standard Constant 
deviations. errors» 
Source. d..f. M.S. F. M.S. F. 
Frame x head 2 2.20 NS 32.39 5.5 X 
Frame x head x sex 2 0.19 NS 5.51 NS 
Frame x head x 
subj e c t s within sex 24 1.06 5.88 
Posture x frame x head 2 0 .49 NS 1.20 NS 
Posture x frame x 
head x sex 2 0.03 NS 6.25 NS 
Posture x frame x 
head x sub j e c t s 
w i t h i n sex 24 0-.72 4.11 
T o t a l 167 - " ~ 
One, two and three a s t e r i s k s represent s i g n i f i c a n c e at the 
•05t .01 and .001 l e v e l s r e s p e c t i v e l y . 
Sex i s t e s t e d against subjects w i t h i n sex, and the 21 
w i t h i n subject terms are divided i n t o groups of three such 
tha t the f i n a l term i n each group, an i n t e r a c t i o n i n v o l v i n g 
s u b j e c t s w i t h i n sex i s the appropriate e r r o r term f o r the 
other two terms i n the group. There i s i n each a n a l y s i s 
some scope f o r pooling e r r o r terms but t h i s would not i n 
f a c t a l t e r the s i g n i f i c a n c e l e v e l of any F - r a t i o and i t i s 
therefore unnecessary. Nor are the s i g n i f i c a n c e l e v e l s 
reduced by s u b s t i t u t i o n of the degrees of freedom associated 
with the Geisaej—Greenhouse conservative t e s t which allows 
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f o r asymmetry of the variance-covariance matrix i n repeated-
measures designs. T h i s i s because the f i x e d f a c t o r s and 
t h e i r mutual i n t e r a c t i o n s already have only one or two 
degrees of freedom .and so reducing them to one degree of 
freedom as required by the Geisser-Greanhouse t e s t has at 
most a very small e f f e c t . 
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AnalyaiB of standard deviations. 
I t i s c l e a r that the presence or absence of the frame 
used i n t h i s experiment had no d i r e c t e f f e c t on the v a r i a -
b i l i t y of s e t t i n g s . On the other hand standard deviations 
are about one degree l a r g e r i n the supine than i n the 
erect posture, the re s p e c t i v e means being 2 . 1 3 ° and 1 . 1 4 ° , 
and t h i s d i f f e r e n c e i s highly s i g n i f i c a n t . Also highly 
s i g n i f i c a n t - i - s - t h e - d ifference"of almost"a degree between 
head upright ( 1 . 0 5 ° ) and head t i l t e d ( 1 . 9 1 ° and 1 . 9 2 ° f o r 
HL and HR r e s p e c t i v e l y ) . 
There i s a tendency throughout f or men to. be l e s s 
v a r i a b l e than women but t h i s i s s i g n i f i c a n t only when 
subjects are supine and deprived of a v i s u a l frame, when 
the d i f f e r e n c e i B one degree. T h i s accounts f o r the 
marginally s i g n i f i c a n t sex x frame x posture i n t e r a c t i o n 
as shown i n Table 2 .4 . 
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Table 2.4. 
The sex x frame x posture i n t e r a c t i o n of standard 
de v i a t i o n s : means and t e s t s of simple main e f f e c t s of sex. 
M P H.S. E r r o r 
H.S. 
P r a t i o 
(1, 48 d.f.) 
EP 0.89 1.23 1.2 1.02 N.S. 
ENP 1.20 1.20 0.0 1.02 N.S. 
SP 1.78 2.33 3.1 1.02 N.S. 
SNF 1.70 2.69 10.3 1.02 10. 1 = 
The e r r o r H.S. f o r these simple main e f f e c t s of sex i s 
the weighted average of the separate error terms f o r sex, 
sex x frame, sex x posture, and sex x frame x posture and 
has 48 degrees of freedom because each of these component 
e r r o r terms has 12 degrees of freedom. 
Analysis of constant e r r o r s . 
As can 'b:e?-aeen from Table 2.3 there i s no s i g n i f i c a n t 
d i f f e r e n c e i n constant e r r o r between the sexes e i t h e r o v e r a l l 
or i n any i n d i v i d u a l condition. However, the main e f f e c t s 
of the three treatment v a r i a b l e s are s i g n i f i c a n t as are a l l 
the two-way i n t e r a c t i o n s among them, and so i t i s these i n t e r -
a c t i o n s which must be int e r p r e t e d . The r e l a t i o n s h i p among 
the three f a c t o r s i s shown i n F i g . Zy.. The most s i g n i f i c a n t 
e f f e c t i s the head x posture i n t e r a c t i o n and t h i s i s f u r t h e r 
HEAD X POSTURE 
HU 
HL 
FRAME X POSTURE / NF 
FRAME X HEAD / / NF 
HR HU HL 
LEFT 16 14 12 10 8 6 4 2 0 2 4 6 RIGHT 
MEAN CONSTANT ERROR (DEGREES) 
FIG2.f t T W O - W A Y INTERACTIONS OF CONSTANT ERRORS 
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analysed-in Table 2.5 into the simple main e f f e c t s of head 
t i l t f o r ./the-two postures separately. 
Table 2.5. 
The head x posture i n t e r a c t i o n of constant e r r o r s : 
means and t e s t s of the simple main e f f e c t s of head t i l t . 
HL HU HE M.S. E r r o r 
M.S. 
F Ratio 
(.2,48 d.f.) 
E r e c t 3.01 1*73 0.01 83.4 30 N.S. 
Supine. 13.26 4.32 -4.16 2125 30 7 0 X X X 
The e r r o r M.S. i s the weighted average of the error t.erms. 
f o r head and head x posture, each with 24 degrees of freedom. 
T h i s ind-ioat«s that whewes there i s a small non-significant 
tendency f o r judgments to follow head p o s i t i o n (A-effect) i n 
the erect posture, when the subject i s supine t h i s e f f e c t i s 
highly s i g n i f i c a n t (at l e a s t 8.5 degrees). The same conclusion 
would of course follow from an a n a l y s i s of posture d i f f e r e n c e s 
at the various head p o s i t i o n s , which would show that whereas 
posture makes no s i g n i f i c a n t d i f f e r e n c e with head upright, 
supine judgments are s i g n i f i c a n t l y more p o s i t i v e ( l e f t ) when 
the head i s t i l t e d l e f t and s i g n i f i c a n t l y more negative ( r i g h t ) 
when the head i s t i l t e d r i g h t than erect judgments. 
The frame x posture i n t e r a c t i o n i s analyzed i n Table 2.6. 
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Table 2.6. 
Frame z posture i n t e r a c t i o n of constant e r r o r s : moans 
and t e s t s of simple main e f f e c t s of frame presence. 
P UP M.S. M.S. 
E r r o r 
'P-ratio 
(1, 24 d.f.) 
Er e c t 1.83 1.33 6.0 12 NS 
Eupine 6.16 2.78 241 12 2 0 X X X 
The e r r o r M.S. i s the weighted mean of the error M.S. 
f o r frame and f o r frame x posture, each of which has 12 
degrees of freedom. 
I t w i l l he r e c a l l e d that the frame i s always 20° to the 
l e f t of the head p o s i t i o n and the o v e r a l l tendency of s e t t i n g s 
to he more p o s i t i v e i n frame than i n no-frame conditions thus 
represents a tendency f o r the subject to adopt the viBua l 
frame as h i s norm of uprightness. But whereas t h i s tendency 
i s small and i n s i g n i f i c a n t i n the erect posture, when the 
subject i s supine i t becomes a highly s i g n i f i c a n t d i f f e r e n c e 
of 3 . 4 ° . 
F i n a l l y the ha&d. x frame i n t e r a c t i o n as analyzed i n 
Table 2.7 i n d i c a t e s , r a t h e r s u r p r i s i n g l y that the frame e f f e c t 
i s not s i g n i f i c a n t i n the head r i g h t condition, i . e . when the 
frame i t s e l f i s v e r t i c a l , but the head e f f e c t i s s i g n i f i c a n t 
whether or not the frame i s present. The er r o r term f o r frame 
e f f e c t s i s the weighted mean of the error terms f o r frame, 
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with 12 d.f. and f o r frame x head with 24 d.f.; the error 
term f o r head effftots i s the weighted mean of the e r r o r 
terms f o r head, with 24 d.f. and f o r frame x head with 
24 d.f. 
Table 2 .7-
Head x frame i n t e r a c t i o n of constant e r r o r s : means 
and t e s t s - o f simple main e f f e c t s of frame and head* 
P NP H. S. M.S. 
Erro.r. 
P - r a t i o j 
- (*7 -36"-d.f.") 
-HI,- " 9.66" 6.61 136 8.26 15 ml*** 
HU 4.30 1.75- -91- 8.26 
HR 
M.S. 
M.S. 
E r r o r . 
- 1 . 9 6 
947 
I 8 . 4 
- 2 . 1 9 
5 4 4 x x i 
18 .4 
1 8.26 : N.S. 
F - r a t i o 
( 2 , 48 d.f.) 5 ^ 3 0 ^ ' 
Maciiaaion. 
A few minor points w i l l be diaposed of f i r s t , before 
proceeding to the major f i n d i n g s . Witkin (1949) introduced 
the concept of field-dependency as a b a s i c p e r s o n a l i t y 
v a r i a b l e , the o r i g i n a l purpose of which was to account f o r 
the large i n d i v i d u a l d i f f e r e n c e s i n the frame e f f e c t . He 
claimed s p e c i f i c a l l y that women are more f i e l d dependent 
than men which meant that they are l e s s able to make use of 
postural information to counter the influence of a mis-
leading v i s u a l frame, and are more di s o r i e n t e d by~he'ad " t i l t . 
Sandstrom- (-1956)" on the other hand found no sex d i f f e r e n c e s 
i n the e f f e c t of head t i l t on apparent v i s u a l v e r t i o a l i t y . 
The present r e s u l t s c l e a r l y support Sandstrom, there being 
no sex d i f f e r e n c e s i n constant e r r o r , due e i t h e r to head or 
frame o r i e n t a t i o n , although female v a r i a b i l i t y tended to be 
greater throughout, and s i g n i f i c a n t l y BO i n the supine pos-
i t i o n with no v i s u a l frame. 
I n the b a s i c oontrol oondition ( e r e c t , no frame., head 
upright) the average standard d e v i a t i o n 0 . 7 ° i s probably 
comparable with e a r l i e r i n v e s t i g a t o r s ' v a r i a b i l i t y measures 
of one degree or a l i t t l e more, si n c e they t y p i c a l l y used 
average unsigned deviations which include constant as we l l 
as v a r i a b l e e r r o r . 
Cohen and Tepas (1958) reported a mean control constant 
e r r o r of 2 . 3 ° a n t i - c l o c k w i s e , but such observations should 
be t r e a t e d with scepticism since they can so e a s i l y be 
induced by s l i g h t i r r e g u l a r i t i e s of apparatus or s u b j e c t * 
posture. I n the present study control constant errors' ranged 
from zero up to 3 - 3 ° anti-clcokwise, while Gibson and Radnor11 
ranged up to two degrees i n e i t h e r d i r e c t i o n . 
The i n c r e a s e i n v a r i a b i l i t y with head t i l t confirms 
e a r l i e r f i n d i n g s (e.g. Mann, Berthelot-Berry, and Dauterive, 
1949) . On the other hand, Neal's (1926) report.that the... 
presence o f a v i s u a l frame doeB not a f f e c t consistency was 
also, confirmed; though presumably t h i s a pplies only- to r e l a -
t i v e l y unstructured frames. 
The predominance of the A-effect i n the present study -
i n the supine posture only two of the. fourteen subjects, pro-
duced an E-effeot i n one of the four p o s s i b l e conditions -
merely adds confusion to the problem of s p e c i f y i n g the con-
d i t i o n s under which the two e f f e c t s occur, s i n c e i t contra-
d i c t s the i d e a that E - e f f e c t s occur f o r small degrees of 
head t i l t . The present experiment used a head t i l t w ithin 
eight degrees of that found by Witkin and Asch (1948) to 
give a maximal E - e f f e c t J 
F i n a l l y there are no c l e a r i m p l i c a t i o n s concerning the 
old controversy about the r e l a t i v e magnitudes of frame — and 
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haacWti.lt a f f e c t s s ince t h i s i s s u e has u s u a l l y been discussed 
i n the context of a v a i l a b l e g r a v i t a t i o n a l cues and i n t h i s 
condition n e i t h e r of the- e f f e c t s was s i g n i f i c a n t i n the 
present study. I t can only be reported that i n the supine 
condition the frame e f f e c t averaged about 3 . 5 ° while the 
average A-effect waB about f i v e degrees l a r g e r . But without 
some way of comparing the independent v a r i a b l e s any conclusion 
based on t h i s d i f f e r e n c e would stem p o i n t l e s s . 
The major f i n d i n g of the study* however, i s that although 
the data show a small frame-effect and A-effeot i n the erect 
posture these are not s i g n i f i c a n t , whereas the corresponding 
e f f e c t s f o r supine s u b j e c t s are large and highly s i g n i f i c a n t . 
T h i s e f f e c t of l o s s of d i r e c t g r a v i t a t i o n a l information i s 
a l s o r e f l e c t e d i n the Btandard-deviation data. T h i s i s t h e r e -
f o r e the f i r s t report of a case i n which both of the common 
sources of e r r o r i n v e r t i c a l i t y judgments -• frame e f f e c t and 
h e a d - t i l t a f f e c t - have been found to be s i g n i f i c a n t only i n 
the presence of g r a v i t a t i o n a l cues. T h i s pattern i s shown 
c l e a r l y i n F i g . 2.2 i n which constant e r r o r s are shown sep-
a r a t e l y f o r erect and supine conditions, the conditions being 
ordered along the a b s c i s s a according to the l o c a t i o n of the 
means of t h e i r Bupine v e r s i o n s . The dramatic suppression 
o f constant e r r o r i n the erect conditions i s c l e a r l y evident. 
The f i g u r e also shoe the f a i r l y c onsistent doubling of standard 
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dev ia t ions which i s caused by loss o f g r a v i t a t i o n a l cues. 
Figure 2.3 shows a schematic representa t ion o f the 
ma.1or f a c t o r s involved i n the var ious cond i t ions . I n order 
t o carry out the task o f r e l a t i n g l i n e o r i e n t a t i o n t o t r unk 
o r i e n t a t i o n the system must presumably have i n f o r m a t i o n about 
the r e l a t i o n s h i p o f the l i n e t o the eye-head complex and 
about the r e l a t i o n s h i p o f the l a t t e r t o the t r u n k . I n the 
ereot condi t ions i n f o r m a t i o n i s p o t e n t i a l l y ava i l ab le about 
the r e l a t i o n s h i p o f g r a v i t y to bo th head and t runk separately 
thus augmenting the i n f o r m a t i o n about t h e i r mutual r e l a t i o n - - --
sh ip and-so-reducing "error. I n the frame condi t ions the 
frame can be v i s u a l l y r e l a t e d t o both" the l i n e and the eye-
head, system. I t i s possible tha t the f i r s t o f these r e l a t i o n -
ships i s c r i t i c a l f o r the frame e f f e c t , i . e . i t i s pure ly -
v i s u a l as suggested by Brosgole and C r i s t a ! • But t h i s would 
not explain- the large d i f f e r e n c e between erect' and supine 
condi t ions i n the s ize o f the e f f e c t . I t seems more l i k e l y 
t h a t i n s ighted people par t o f the pos tu ra l c o n t r o l system 
depends on a more or less continuous moni tor ing o f the r e l a t i o n -
ship between eye-head and a normally v e r t i c a l - h o r i z o n t a l v i s u a l 
f rame. (Evidence f o r a s i m i l a r system o f c o n t r o l f o r the 
s t ra ight-ahead r e s t i n g p o s i t i o n o f the ey«B has been repor ted 
by Craske and Templeton, I968.) The i n f o r m a t i o n f rom a mis -
l ead ing v i s u a l frame w i l l thus combine w i t h the v i r i d i o a l 
F i 6 ' 2 , 3 Schematic model of sensory sources i n experiment 2. 
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k inaes the t i c i n f o r m a t i o n t o produce a f a u l t y apparent o r i e n -
t a t i o n o f head on t runk except when the k inaes the t i c i n f o r -
mation i s supported by g r a v i t a t i o n a l cues t o head o r i e n -
t a t i o n . ThiB assumed e f f e c t o f v i sua l - f rame t i l t on apparent 
head o r i e n t a t i o n has never been adequately t e s t ed . But 
Fassey (1950) reported an e f f e c t o f a v i s u a l frame on apparent 
body o r i e n t a t i o n w i t h a maximum of about two degrees, so i t 
seems possible tha t a corresponding head e f f e c t might be an 
important f a c t o r i n the frame e f f e c t s o f three or f o u r degrees 
found i n the present study* 
I n ' t h i s analysis eye and head have been combined i n t o 
a s ing le element as though the r e l a t i o n s h i p between them was " 
f i x e d . This i s not the case p a r t i c u l a r l y when the head i s 
t i l t e d , as a t tes ted by the eye- tors ion l i t e r a t u r e . As poin ted 
out e a r l i e r the e f f e c t o f eye t o r s i o n should be i n the d i r e c -
t i o n o f the E - e f f e c t or presumably a reduct ion _in the s ize 
o f the A - e f f e c t . Since t o r s i o n w i t h the head s ta t ionary- i n 
a t i l t e d p o s i t i o n i s probably a u t r i c u l a r e f f e c t t h i s i s 
another possible mechanism whereby g r a v i t a t i o n a l oues reduce 
the e f f e c t o f head t i l t i n the erect cond i t ions . The problem 
about t h i s i n t e r p r e t a t i o n i s t ha t i f a s i t u a t i o n could be 
devised s i m i l a r to the present one but y i e l d i n g predominantly 
E - e f f e c t s then i t would have t o be predioted t ha t eye t o r s i o n 
would act t o increase the e f f e c t o f head t i l t i n the erect 
c o n d i t i o n s . 
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ThiB study done not d i r e c t l y i nd i ca t e the nature o f the 
g r a v i t a t i o n a l cues which produce t h i s e f f e c t hut v e s t i b u l a r 
i n p u t i s l i k e l y t o he important i n view o f the p a r a l l e l 
suppression o f the h e a d - t i l t e f f e c t i n normals compared w i t h 
l a b y r i n t h i n e - d e f e c t i v e s repor ted by M i l l e r and Grayb'i-el (1966). 
I f t h i s i s t r u e then i t i s f u r t h e r evidence against the views 
e i t h e r tha t the v e s t i b u l a r system i s v e s t i g i a l or t ha t i t i s 
subject t o c h a r a c t e r i s t i c e r ro r s which are responsible f o r 
the e f f e c t s o f head t i l t on v e r t i c a l i t y judgments. The 
r e l a t i v e l y small long- t jmn e f f e c t s o f .ves t ibu la r - loss -on - - - -
general posture c o n t r o l may i n d i c a t e only tha t other cues can 
take over the func t ions normally performed by the v e s t i b u l a r 
system. 
The f a c t tha t the e r r o r e f f e c t s are not only r e d u c e d i n 
the erect poBture but r e d u c e d t o s t a t i s t i c a l i n s i g n i f i c a n c e 
i s probably r e l a t e d t o the small amount o f head-and body-
support a f fo rded by the apparatus - t h e Bnme explanat ion as 
was suggested f o r Clark and Grayb ie l ' s (1967) f a i l u r e t o f i n d 
any A- or E - e f f e c t i n l a b y r i n t h i n e - d e f e c t i v e or normal sub-
j e c t s . 
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I l l : Adaptat ion t o Prismatic Displacement. 
There are many methods whereby the normal r e l a t i o n s h i p 
between sensory systems or between a sensory and a motor 
system can be a l t e r e d . I t can be done e i t he r by the use 
o f external devices - lenses, pseudophones, e t c . - or by 
su rg i ca l re-arrangement o f the nji/iitomical d i s t r i b u t i o n o f 
pe r iphera l i nne rva t i on - tendon cross ing , nerve t r a n s p o s i t i o n , 
r eversa l o f a l imb i n i t s socket. Taub (I968) makes a s t rong 
case, based on phylogenetic c o r r e l a t i o n , tha t the responses 
tp;..:these d i s t o r t i o n s can be regarded as a very c lose ly r e l a t e d 
group o f processes. A f t e r reviewing thfe.evidence-he con--
cludes tha t there i s apparently no a b i l i t y t o compensate 
f o r -either v i s u a l i n v e r s i o n or reversa l o f the d i r e c t i o n 
o f a c t i o n exerted by l imb antagonists below the class mam-
mal i a . The higher mammals are able t o compensate f o r both 
types o f rearrangement , whi l e r a t s , a lower mammalian order , 
d i sp l ay a t r a n s i t i o n a l amount o f compensation f o r nerve and 
muscle reversa l and are apparently able to compensate f o r 
v i s u a l i n v e r s i o n a l so . A possible c r i t i c i s m o f the v i s u a l 
i n v e r s i o n work i s t ha t the s tudies on mammals have i n v a r i a b l y 
used o p t i c a l devices, but a recent study by Albe r t (1966) 
showing compensation i n r a t s , used the su rg i ca l procedures 
more commonly employed w i t h the lower forms. 
Although there i s a s t rong assumption i n much o f t h i s 
work hoth su rg i ca l ( « . g . Sperry, 1951) *nd o p t i c a l ( e . g . Held 
and Bosaom, 1961) t ha t i t has d i r e c t i m p l i c a t i o n s f o r neo-
na t a l development o f sensory-motor co -o rd ina t ion t h i s con-
nec t ion i s by no means s e l f - e v i d e n t . The present discussion 
w i l l d isregard these wider i m p l i c a t i o n s and t r e a t as a process 
o f i n t e r e s t i n i t s own r i g h t the adaptat ion o f humans t o 
prism displacement - the process which haB been by f a r the 
most popular w i t h experimenters. 
The most obvious consequence o f wearing d i s p l a c i n g 
spectacles i s the disturbance o f v i s u a l l y guided behaviour, 
such as p o i n t i n g . Movements towards ob jec ts w i l l be d i r e c t e d 
towards tha t p o s i t i o n i n space whence the displaced o p t i c a l 
array would normally emanate. I f the p o i n t i n g l imb i s i n 
v iew, the person w i l l co r rec t h i s i n i t i a l mistake and be 
able to guide i t v i s u a l l y t o the t a r g e t . I f , on the other 
hand, the e r ro r i s not made evident u n t i l the t e rmina t ion 
o f the p o i n t i n g movement, i t can s t i l l be corrected at the 
next at tempt. 
Human subjec ts , g iven t ime and knowledge o f r e s u l t s 
are able to adapt t h e i r movements t o simple v i s u a l d i sp lace -
ments or r o t a t i o n s . There has apparently never been any 
disagreement about t h i s f a c t since the c l a s s i c a l experiment 
by S t r a t t o n (1897) who wore an i n v e r t i n g revers ing device 
f o r seven days. He recorded i n great d e t a i l the gradual 
120. 
process o f adaptat ion t o the disturbance as he went about 
h i s everyday l i f e . Unfor tunate ly he used no systematic 
t e s t s o f c o - o r d i n a t i o n . S i m i l a r l y the long ser ies o f 
experiments by Erisman and KpSiler (see K o t t e n h o f f , 1957 
a and b ; K£hl« r , 1964) r e l i e d l a r g e l y on phenomenological 
repor ts f rom sub.jeots. The most s i g n i f i c a n t , aspects o f 
the repor ts concerned the gradual reduc t ion i n the d e l i b -
erate and conscious t h i n k i n g requi red t o achieve an appro-
p r i a t e movement and, secondly, the f a c t t ha t success at 
one s k i l l apparently d i d not t r a n s f e r t o o thers . 
The gradual automat izat ion o f s k i l l s _ i s a common 
experience, and the s p e c i f i c i t y o f l e a rn ing i n t h i s s i t -
ua t i on has been f u r t h e r stressed by Taylor (1962) whose 
B u b j e o t wore revers ing spectacles each morning oyer a p ro -
t r ao t ed pe r iod , and by Rhule and Smith (1959 » and h ) . 
Th is l a t t e r work i s puzz l i ng i n several respects . The f o u r 
groups o f subjects were asked t o w r i t e rows o f a ' s , t r i a n g l e s 
and dots under f o u r cond i t i ons : normal v i s i o n and normal 
k inaes the t i c o r i e n t a t i o n , normal v i s i o n w i t h inver ted , k inaes-
t h e t i o ^e;fTdback, i n v e r t e d v i s i o n w i t h normal k inaes the t i c 
feedback, and inve r t ed v i s i o n w i t h i nve r t ed k inaes the t i c 
feedback. By " inve r t ed k inaes the t i c feedback" was meant 
upside down w r i t i n g movements. How anyone can w r i t e a row 
o f do ts , or even a t r i a n g l e upside down i B not made c l ea r . 
Nor i s i t c l ea r why upside down w r i t i n g movements should be 
regarded as i n v e r t e d k inaes the t io feedback, which proper ly . 
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would invo lve an anatomical reversa l o f the kinaesthet-ic 
nerves i n r e l a t i o n t o the motor supply and v i s i o n . A l l 
t ha t i s reversed i n drawing something upBide down i s the 
p a t t e r n o f motor-movements normally associated w i t h the 
p a r t i c u l a r shape. The l e t t e r ' a ' was the only one o f Rhule 
and Smith-'B shapes which i s obviously associated w i t h a 
p a r t i c u l a r o r i e n t a t i o n o f movements. 
Their only measures o f performance were the times 
du r ing which the pen was i n contact w i t h the paper (manip-
u l a t i o n t ime) and the t ime i t was not i n contact w i t h the 
pap^r ( t r a v e l t i m e ) . No measures were taken o f the q u a l i t y , . 
-o:f" t'he~~shapes produced. I t i s w e l l known i n m i r r o r drawing 
experiments, tha t t ime can-be •traded 1 " against errors* A 
measure o f e i t h e r alone i B no i n d i c a t i o n o f the r a t e o f 
l e a r n i n g . I t can be seen from an i l l u s t r a t i o n i n Smith 
and Smith's book (1962, p . 136) t ha t the q u a l i t y o f per-
formance was abysmal on the f i r s t day o f the "experiment.. 
I f the subjects were t o l d t o work as f a s t as poss ib le , and 
we are not t o l d what they were asked t o do, t h e i r l e a rn ing 
would not have been r e f l e c t e d at a l l i n the t ime measures 
which were used. 
There seems l i t t l e reason, t h e r e f o r e , to t r u s t any o f 
the r e s u l t s which these authorB present, and t h i s appl ies 
t o most o f the r e s u l t s i n the book by Smith and Smith: 
e spec i a l l y When many of- t h e i r r e s u l t s cont radic t . What one 
c a n . f i n d put eas i ly f rom casual observat ion . Ear instance, 
they found tha t there was l i t t l e i f any d i f f e r e n c e i n 
p e o p l e ' B a b i l i t y to draw ' a ' and upside down ' a ' . Anyone 
t r y i n g these two tasks i s immediately aware tha t i t i s 
much more d i f f i c u l t t o draw an upside down ' a ' , -bu t one 
learns i n a few minutes t o become f a i r l y p r o f i c i e n t . The 
t ime scale o f averaged soores on each day f o r t en days, 
which Rhule and Smith used, f a i l s to d isc lose the l ea rn ing 
which must take place here*-
Frdm the condi t ions where v i s i o n was i n v e r t e d , i t was 
concluded t h a t the e f f e c t s o f i n v e r s i o n were greater i n 
tasks o f inc reas ing complexi ty . The t r i a n g l e showed the 
most - "effect "of i n v e r s i o n , the dots l e a s t . That the dots 
would show leas t e f f e c t should -surely have been obvious 
before the experiment s t a r t e d , and t o say tha t the t r i a n g l e 
shows most e f f e c t , because i t i s the most complex shapej 
i s meaningless i n the absence o f any independent measure 
o f complexi ty . Rhule and Smith concluded tha t - - learning 
was s p e o i f i c t o each shape. Thei r conclusion would' ca r ry 
more weight i f they had tes ted whether t r a i n i n g on one 
l e t t e r improved the a b i l i t y t o w r i t e other l e t t e r s under 
s i m i l a r d i s t o r t i n g c o n d i t i o n s . They d i d f i n d , however, 
tha t t r a i n i n g t o read upside down w r i t i n g d i d not t r a n s f e r 
t o w r i t i n g w i t h v i s u a l i n v e r s i o n , but i n view o f the crude 
measure they uBed, even t h i s f i n d i n g cannot be aocepted 
as a f a c t . 
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These experiments were repeated using-a c l o s e d - c i r c u i t 
t e l e v i s i o n camera and moni tor . The subject saw h i s hand 
and the v i s u a l t a rge t i n the monitor on ly . But the hand 
was a c t u a l l y o f f t o one Bide where i t could be photographed 
whereas the monitor was d i r e c t l y i n f r o n t o f the sub jec t , 
thus induc ing a large unwanted and unnecessary v i s u a l -
k inaes the t i c discordance. They analysed the r e l a t i v e d i s -
t u r b i n g e f f e c t on drawing dots , a ' s , and t r i a n g l e s , o f 
i n v e r t e d , reversed, and inver ted-reversed v i s i o n . P e r f o r -
mance speed was most a f f e c t e d by inve r t ed v iewing , next by 
inver ted- reversed , and leas t by reversed v iewing . They. -
concluded tha t t h i s -order r e f l e c t s the order i n which a l l 
s k i l l s are a f f e c t e d by these respect ive dis turbances. This 
conclusion i s completely unwarranted. Two o f the shapes 
they used, dots and t r i a n g l e s ( ) , are b i l a t e r a l l y sym-
m e t r i c a l , so tha t r eversa l could not be expected to d i s rup t 
performance. I t i s not s ta ted whether the order o f drawing 
the rows o f shapes was s p e c i f i e d t o the subjec ts , but i n 
any case, i nve r s ion o f the v i s u a l f i e l d would not d i s t u r b 
t h i s aspect o f performance, whereas reversa l would. 
Smith and Smith (pp. 180 - 183) also used a s t a r - t r a c i n g 
t a sk . This i s the cor rec t way t o study the r e l a t i v e e f f e c t s 
o f the var ious types o f d i s t o r t i o n , f o r the f i g u r e i s j u B t 
as symmetrical one way as the o ther . They s t i l l found tha t 
i n v e r s i o n produoed the greatest d is turbance, and reversa l 
124. 
l e a s t . They found, contrary t o commonsense expecta t ion , 
t ha t movements i n a p a r t i c u l a r dimension were hot d i s tu rbed 
most by displacement i n tha t dimension. For ins tance , those 
po r t i ons o f the s ta r f i g u r e which ran l e f t t o r i g h t were 
not most d i s tu rbed by l e f t - r i g h t reversa l o f v i s i o n . This 
r e s u l t i s unacceptable f o r i t i s based on time measures 
o n l y . 
These s tudies do not lead to any important t h e o r e c t i c a l 
conclusions, except tha t the e f fec t s o f var ious t y p e s ' o f 
d i s t o r t i o n on var ious kinds o f movement, are h i g h l y s p e c i f i c , 
and one's f a i t h i n even thi.B conclusion i s shaken when__one-
" considers the crude measure used. Smith and Smith i n t e r p r e t 
t h e i r f i n d i n g s i n terms o f t h e i r neurogeometric theory , 
which i s not d i r e c t l y re levant to the present discus s ion 
but i s analyzed i n Howard and Templeton (1.96(6). 
•The gradual improvement i n ' performance w i t h revers ing 
and/or i n v e r t i n g spectacles which wis a major f e a t u r e o f 
the studies o f St r a t t o n and K'Shler was confirmed ^by Ews/rt 
(1930) and Snyder and Pronko (.1952) us ing a v a r i e t y o f tasks , 
i n c l u d i n g card s o r t i n g , m i r r o r t r a c i n g , p o i n t i n g t o v i s u a l 
t a r g e t s , and pegboard f i l l i n g , and a v a r i e t y o f condi t ions 
and periods o f exposure t o the d i s t o r t i o n . 
Peterson and Peterson (1938), and Snyder and Pronko 
(1952) found tha t the v isual -motor hab i t s learned w h i l s t 
wearing d i s t o r t i n g spectacles were re ta ined when the subjects 
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were again tes ted w i t h the spectacles a f t e r a per iod o f 
several months.:of normal viewing* 
Reversing and i n v e r t i n g spectacles produce a complex 
p a t t e r n o f disturbances to sensory-motor c o - o r d i n a t i o n , 
eye and head movements, and the p o l a r i t y o f f a m i l i a r ob j ec t s , 
and t h i s i s the main reason why the c l a s s i c a l work, even 
those s tudies us ing systematic t e s t s , was t h e o r e t i c a l l y 
s t e r i l e and f e l l i n t o d i s repu te . The workers producing 
s i g n i f i c a n t s tudies i n reoent years have less ambi t ious ly 
l i m i t e d themselves t o the simpler d i s t o r t i o n s produced by 
d i s p l a c i n g mi r ro r s or pr isms. I n a d d i t i o n t.Q j r e l a t i v e — -
s i m p l i c i t y t h i s approach has the advantage tha t r « l e a r n i n g 
i s qui.oker, 'being t y p i c a l l y measured i n minutes r a the r than 
days, and so the experimental condi t ions are more e a s i l y 
c o n t r o l l e d . 
Wodster's (19.23) experiment w i l l be described i n some, 
d e t a i l , s ince , although no important p o s i t i v e conclusions 
f o l l o w from i t , i t i s genera l ly regarded as s e t t i n g the 
s t y l e f o r modern experimentation and i t i l l u s t r a t e s many 
o f the procedures and problems encountered i n the spate 
o f s tudies which the past decade has produced. She s tudied 
the e f f e c t s o f wearing prisms which displaced the v i s u a l 
wor ld 21 degrees to the r i g h t . I n the various experiments, 
72 subjects were t e s t ed . Eaoh subject was t e s t ed whi le 
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wearing the prisma f o r a short per iod en each o f t en days 
or u n t i l the e f f e c t s o f the d i s t o r t i o n had been overcome, 
i f less than t en days. 
The subjects had t o make r a p i d movements o f the r i g h t 
arm towards the p o s i t i o n o f one o f several small round d iscs . 
Normally, the arm and hand were hidden from view. I n one 
c o n d i t i o n , no knowledge o f r e s u l t s was provided, at leas t 
not d e l i b e r a t e l y . I n o ther cond i t ions , i n f o r m a t i o n regard-
i n g the t r u e p o s i t i o n o f the disc was p o t e n t i a l l y ava i l ab le 
t o the sub jec t , i n one o f several forms. The d isc emit ted 
a sound i n one c o n d i t i o n . In- another, the"subject was 
allowed t o move h i s f i n g e r u n t i l i t touched the d i s c . I-n-
a t h i r d c o n d i t i o n , the t i p o f the f i n g e r could be seen when 
the l o c a l i z i n g , response had been made. F i n a l l y , the t i p 
o f the other index f i n g e r was used as the t a r g e t , and the 
subject was allowed t o touch i t i f he made the cor rec t 
l o c a l i z i n g response. 
A f t e r t e n days o f p r a c t i c e , Wooster found t h a t , even 
w i t h no knowledge o f r e s u l t s , accuracy had increased u n t i l 
the sub jec t ' s mean d e v i a t i o n from t rue l o c a l i z a t i o n was 
40.5 P*7* cent less than the d e v i a t i o n on the f i r s t day. 
She suggested tha t t h e r e nas "unconscious adaptat ion o f 
the reaching movements t o the new k i n a e B t h e t i c s t i m u l i 
f rom the eye muscles". Presumably what i s meant here 1B 
t ha t the sub j ec t ' s body faced the t r u e p o s i t i o n o f the 
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v i s u a l t a r g e t , w i i l e the eye was d i r ec t ed to ifos displaced 
p o s i t i o n , and t h a t g radua l ly the subject came to behave 
as i f he were l o o k i n g s t r a i g h t ahead - t h e w e l l known 
a f t e r - e f f e c t o f asymmetrical eye p o s i t i o n oh the apparant 
median plane (Fischer , 1915; K i s s , 1921; Goldstein and 
Eiese, 1923; Werner, Wapner, and B r u e l l , 1933). I t i s 
a p i t y tha t t h i s f a c t o r was not c o n t r o l l e d by making the 
displaced Visua l t a rge t s symmetrical i n i h e v i s u a l f i e l d 
o f some o f the subtiects^A>7(t:ronger p o s s i b i l i t y , however, 
i s tha t the e f f e c t was' a t r u e e f f e c t o f compensation f o r 
i n t e r sensory c o n f l i c t since i t disappeared, when head- move-
--ments'were prevented and i t i s known tha t compensation 
occurs w i t h a f a i r l y rich"visual"" environment provided 
hend movements are permi t ted (Bossom., 1964.). 
The sound o f the disc buzzer was found not t o con t r ibu t e 
towards increased accuracy o f p o i n t i n g , even when the buzzer 
could be both seen and. heard. When subjects were allowed 
t o s l i d e t h e i r f i n g e r along; u n t i l they touched the d isc 
or when they were allowed t o s'ee t h e i r f i n g e r , there was 
a r a p i d improvement i n accuracy. The most r a p i d improvement 
occurred, however, when the v i s u a l t a rge t was the t i p o f 
the other index f i n g e r and the subject was allowed t o touch 
i t . I n t h i s l a s t c o n d i t i o n , however, the subject could 
have performed c o r r e c t l y by d is regard ing v i s u a l ' i n f o r m a t i o n , 
because he could ' f e e l * the p o s i t i o n o f the t a r g e t . The 
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t ask would have been a purely k inaes tha t ic-motor one and, 
as such, would have invo lved no d i s t o r t i o n o f sensory 
i n p u t . 
The most important way i n which t h i s technique has 
been a l t e red i n recent work i s tha t a t t e n t i o n i s t y p i c a l l y 
no longer paid t o the ac tua l changes i n behaviour du r ing 
the exposure or t r a i n i n g per iod since i f the subject i s 
aware o f h i s e r ro rs he w i l l presumably, and i s o f t e n encour-
aged t o , cor rec t them d e l i b e r a t e l y . So changes t a k i n g place 
d u r i n g t h i s phase are o f t r i v i a l importance since there i s 
no way o f t e l l i n g when the cor rec t ions cease t o be d e l i b -
erate and become, i n some sense, automatic. Accordingly 
i n recent s tudies the po in t o f in teres t"has been the change 
i n performance on a t e s t l o c a l i z a t i o n task which precedes 
and succeeds the t r a i n i n g task , being sometimes q u i t e s i m i l a r 
t o i t , sometimes no t , and o f t e n performed w i t h the o p t i c a l 
d i s p l a c i n g devioe removed. 
These procedures present t h e i r own d i f f i c u l t i e s . I f 
the prisms remain i n place throughout and the tasks are 
s i m i l a r than the subject may, i n the p o s t - t e s t , merely con-
t i n u e t o do what he has been t r a i n e d to do i n the exposure 
phaBe whether or not the change i n behaviour has become 
automatic. I f on the other hand the tasks are very d i f f e r e n t 
then the extent o f the r e a l under ly ing changes may be under-
estimated since i t may reasonably be expected t ha t the 
degree o f t r a n s f e r of the changes, wiether d e l i b e r a t e or 
automatic w i l l be r e l a t e d t o the s i m i l a r i t y o f the tasks, 
(Freedman, H a l l and Rakosh, 1965)* This i s important 
f 
especially f o r those who attempt t o analyze the adaptive 
ohange i n t o i t s component processes. I t i s easy t o assume, 
f o r example, t h a t a change i n the " f e l t p o s i t i o n " of the 
hand used i n t r a i n i n g can be equally w e l l measured by 
having the subject use tha t hand to point s t r a i g h t ahead 
i n the dark, or by having him point at tha t hand using the 
other "untrained hand". I n f a c t the f i r s t task may show 
a greater e f f e c t simply because the same arm i s active 
which was active during t r a i n i n g . 
The danger of underestimation of the magnitude of the 
underlying change i s also present when the goggles are 
removed f o r pre -and post-testB, since one oan e a s i l y 
envisage the operation of a strong c o n d i t i o n i n g e f f e c t . 
Whether consciously or not the subject i n e f f e c t says "Those 
goggles were the reason I was making the errors i n i t i a l l y ; 
now that they are removed I oan reve r t t o p o i n t i n g n a t u r a l l y " . 
This danger i s of course greatest when the experiment 
involves a series of repeated t e s t and t r a i n i n g sessions; 
indeed J. 0. Taylor (1962) reported that h i s subject became 
able i n time t o switch immediately from one mode of behaviour 
to the other, merely by p u t t i n g on or t a k i n g o f f the goggles. 
The t a c t i l e s t i m u l i from the goggles and the change i n shape 
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o f v i s u a l f i e l d can of course easily be c o n t r o l l e d , f o r 
example by wearing goggles throughout but s u b s t i t u t i n g 
p l a i n glass f o r the prisma. But i n c i d e n t a l e f f e c t s of 
looking through prisms, such as colour f r i n g e s and apparent 
curvature (Ogle, 1951; Taylor, 1966) are possible d i s -
c r i m i n a t i v e s t i m u l i , and can probably be eliminated only 
by using a more cumbersome mirro r system. 
I n order to overcome these d i f f i c u l t i e s Howard and 
Templeton (1966) suggested a new "shaping" technique i n 
which v a r i a b l e prisms are used to gradually increase the 
o p t i c a l displacement so that each step of the change i s 
w i t h i n the normal range of error of the subject's c o n t r o l 
p o i n t i n g . I d e a l l y , w i t h t h i s procedure the subject can 
be t r a i n e d t o a stage at which he i s p o i n t i n g a long way 
from the o p t i c a l p o s i t i o n o f the t a r g e t without having any 
awareness of the change. The problem of conscious correc-
t i o n i s thus eliminated and w i t h i t the need f o r pre-and 
po'at-testH, and the time course of adaptation and e x t i n c t i o n 
can be studied i n d e t a i l under various conditions. 
The other major divergence from the pattern set by 
Wooster's work i s t h a t whereas most workers s t i l l , l i k e 
Wooster, require subjects t o perform an actual t'-nsk during 
t r a i n i n g , the errors made providing the e r r o r - c o r r e c t i v e 
feedback, an important body of work has involved only inspec-
t i o n of the hand through prismB while i t executes a series 
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o f f a i r l y random movementB. This procedural divergence 
has t h e o r e t i c a l i m p l i c a t i o n s which w i l l become clear i n 
the discussion of reafference theory. 
A high proportion of the large body of work reported 
i n the l a t e f i f t i e s and the s i x t i e s has been provoked by 
the two ma.ior t h e o r e t i c a l formulations which have been 
advanced i n t h i s f i e l d , the one associated mainly w i t h 
Held, the other with H a r r i s . Epstein's (196?) observation 
about H a r r i s 1 8 theory t h a t i t i s concerned w i t h what 
changes during adaptation r a t h e r than w i t h how or why i t 
changes applies t o some extent to Held'B theory as w e l l . 
Both workers begin w i t h an assumption about the s i t e o f 
the adaptive change and from Held's p a r t i c u l a r assumption 
there f o l l o w s a c o r o l l a r y t h a t self-produced movement i s 
an e s s e n t i a l condition f o r adaptation. The work which has 
been reported f o r the moBt part f a l l s i n t o two classes, 
t e s t s of Held's c o r o l l a r y and i n v e s t i g a t i o n s , mostly stem-
ming from Harris's work, of the locus of the adaptive s h i f t , 
the l a t t e r work, by i m p l i c a t i o n at l e a s t , i n v o l v i n g Held's 
basic assumption. Accordingly, the s i g n i f i c a n c e of s e l f -
produced -movement w i l l be examined f i r s t since although 
l o g i c a l l y d e r i v a t i v e i t has been t r e a t e d by many workers 
as an independent hypothesis. 
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The Importance of Reafference f o r Adaptation. 
The minimal conditions which a l l workers would agree 
t o he neoessary f o r adaptation t o take place are that there 
must be a c o n f l i c t between s p a t i a l information provided by 
two moda l i t i e s , that t h i s c o n f l i c t must be i n some sense 
apparent t o the system (thereby excluding intra-model e f f e c t s 
l i k e that of asymmetry of gaze as discussed i n the analysis 
o f Hooster's work) and tha t there must b« a suita b l e way 
of measuring the change which distinguishes i t from the 
t r i v i a l adaptation o f conscious c o r r e c t i o n (the problem 
discussed i n the previous section)* Beyond that the major 
dispute has been about the importance o f generating the 
er r o r information by means of active self-produced movement* 
S t r a t t o n , Kb'hler, Wooster and other early workers 
stressed the importance of active movements i n the adap-
t a t i o n of movements to o p t i c a l d i s t o r t i o n s . However, 
von Hoist (1954) was the f i r s t t o formulate the 
basis f o r a d e f i n i t e hypothesis. On the basis of h i s obser-
vations on insects and f i s h , i n which he re-arranged the 
v i s u a l i n p u t , he concluded t h a t the important t h i n g i n 
visual-motor co-ordination i s the r e l a t i o n of a c t i v e l y pro-
duced movements of the body or parts of the body t o changes 
i n the pa t t e r n o f s t i m u l a t i o n of the sense, organs which 
these movements produce. Such changes i n sensory s t i m u l a t i o n 
consequent upon self-produced movement he c a l l e d " r e a f f erence'*. 
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Stimulation o f the isense organs produced solely by changes 
i n the external world were c a l l e d "exafferenceV An animal 
capable of o r i e n t a t i n g i t s e l f must be capable o f d i s t i n -
guishing between rea f f e r e n t and exafferent s t i m u l a t i o n * 
I t does t h i s by making use of information from the neural 
centres which c o n t r o l the movements of the parts o f i t s 
body. The changes i n the s t i m u l a t i o n o f the exteroceptors 
which a given pattern of muscular innervation would normally 
produce i s 'allowed f o r ' i n processing the information from 
the exteroceptor8. This idea has something i n common w i t h 
Helmholtz's theory o f unconscious inference.. 
He-Id applied t h i B hypothesis-to the case of v i s u a l -
motor adaptation and reported'experimental evidence which 
i s claimed to support i t . The schematized process which 
he proposes i s shown i n f i g u r e 3*1* I t i s s i m i l a r t o the 
one proposed by von Hoist except f o r the a d d i t i o n of the 
"Correlation Storage". The s k e l e t a l muscle represents any 
motor system t h a t can be a source o f re a f f e r e n t v i s u a l 
stimul/tion. I n Held*a words, "..the r e a f f e r e n t v i s u a l 
signal i s compared ( i n the Comparator) w i t h a signal selec-
te d from the C o r r e l a t i o n Storage by the monitored efferent 
s i g n a l . The Cor r e l a t i o n Storage acts as a kind of memory 
which r e t a i n s traces o f previous combinations o f concurrent 
e f f e r e n t and r e a f f e r e n t signals. The cu r r e n t l y monitored 
e f f e r e n t s i g n a l i s presumed t o select the trace combination 
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containing the i d e n t i c a l e fferent part and t o ao t i v a t e 
the r e a f f e r e n t trace combined wi t h i t . The r e s u l t i n g 
revived r e a f f e r e n t signal i s sent t o the Comparator f o r 
comparison w i t h the current r e a f f e r e n t s i g n a l . The out-
come of t h i s comparison determines f u r t h e r performance". 
(Held, 1961, p. 30) . 
Held thus sees the s i g n i f i c a n t e f f e c t of o p t i c a l d i s -
t o r t i o n t o be a de v i a t i o n o f the sensory consequences o f 
motor commands from those expected on the basis of past 
experience. Adaptation i s consequently the establishment 
o f a new set of expectations, a raco-r r e l a t i o n of motor 
commands and sensory consequences. Motor commands are 
c l e a r l y essential t o t h i s process, hence the c o r o l l a r y that 
Belf-produced movement i s a necessary condition f o r adap-
t a t i o n . 
Held*B basic procedure was t o oompare the e f f e c t i v e -
ness of self-produced movement wit h passive movement i n 
the re-adaptation o f visual-motor co-ordination t o a d i s -
placed v i s u a l input i n adult human subjects. The ex p e r i -
ments reported i n Held and H«in (1958) Held and Schlank 
(1959) and Held and Freedman (1963) are t y p i c a l . They 
used an apparatus described by Held and Go t t l i e b (1958), 
i n which a mirro r i s used t o occlude v i s i o n o f the hand 
and arm and to present a targ e t square. The subject was 
f i r s t asked t o mark a sheet o f paper under the m i r r o r at 
thn mirror-image p o s i t i o n s o f the four corners of the square 
The m i r r o r was then replaced by a prism and the subject was 
allowed t o see his hand through the prism f o r three minutes 
while the hand was motionless, moved passively from side 
t o side, or moved a c t i v e l y by the subject. Only the active 
movement condition led t o any s i g n i f i c a n t s h i f t i n the mean 
p o s i t i o n of aim when the subject was again asked t o point 
w i t h the unseen hand at the corners o f the r e f l e c t e d target 
f i g u r e . The active t r a i n i n g had le d t o a change i n the 
r e l a t i o n s h i p between the v i s u a l l o c a t i o n of the t a r g e t s 
and the l o c a l i z i n g movements made t o touch them, and Held 
and Hein concluded th a t reafference was necessary f o r such 
a ohange t o take place. The f a i l u r e of Weinstein, Sersen, 
and tfeinstein (1964) t o produce any adaptation even w i t h 
an active condition was probably due to an experimental 
a r t i f a c t as Held and Schlank (1964) point out. Weinstein 
et a l . c e r t a i n l y produced adaptation w i t h active t r a i n i n g 
i n other studies (Weinstein, Sersen, Wei singer, and Fisher, 
19^4; Weinstein, Sersen, Fisher, and Weisinger, 1964). 
The f i r s t t h i n g t o be said about Held's theory i s t h a t , 
as Rock (1966) has pointed out, i t uses reafference f o r a 
very d i f f e r e n t purpose from t h a t of Von Hoist. Whereas 
Von Hoist was ooncerned w i t h the problem of how an animal 
categorizes movement s t i m u l a t i o n (e.g. r e t i n a l image flow 
or the brushing of f u r or whiskers) as caused by the animal' 
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own movement with respect t o a stationary environment 
( i . e . r e a f f e r e n t l y ) or by the actual movement of an object 
i n the environment ( i . e . e x a f f e r e n t l y ) . This i s the d i r e c t 
forerunner o f the recent growth o f i n t e r e s t i n the problem 
o f human detection o f v i s u a l movement and displacement 
during d i f f e r e n t . t y p e s of eye movement (e.g. Matin, Pearce, 
Matin, and K i b l e r , 1965; Wall/ch and Lewis, 1965» Stoper, 
1967; Steinbach and Held, 1968). 
But Held has assigned t o reafference i n prism d i s -
placement a very d i f f e r e n t purpose from t h i s f u n c t i o n of 
discounting movement s t i m u l a t i o n . I n Held's hand-wagging-
experiments the hand continues t o be seen to move whether 
i t moves a c t i v e l y or passively. I n f a c t , the primary e f f e c t 
o f d i s p l a c i n g prisms i s not an a l t e r a t i o n i n the c o r r e l a t i o n 
between commanded and seen movement at a l l ; when one moves 
one's arm one foot t o the l e f t the arm's image as seen through 
the prismB also moves one foot t o the l e f t ( t h i s i s not 
precise l y t r u e since the prism produces somewhat d i f f e r e n t 
displacements i n d i f f e r e n t parts o f the f i e l d , but t h i s i s 
c e r t a i n l y not what Held was t a l k i n g about). What i s prim-
a r i l y a l t e r e d i s the r e l a t i o n s h i p not between commanded 
and Bean movement but tha t between f e l t and Seen p o s i t i o n . 
F e l t p o s i t i o n , at least i n limbs, i s given p r i m a r i l y by 
j o i n t proprioception; i t c e r t a i n l y cannot be given by 
monitored motor outflow since such a system could not 
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compensate f o r load changes, which the limbs, i n contrast 
t o the eyes, are required to do. Held's model does not 
contain information about limb proprioception and i s 
t h e r e f o r e i r r e l e v a n t t o the problem o f adaptation t o v i s u a l -
proprioceptive discordance. The only aspect o f prism-wearing 
t o which Von Hoist's theory would appear d i r e c t l y relevant 
i s adaptation t o changes i n the r a t e or d i r e c t i o n of d i s -
placement of the r e t i n a l image produced by head movements. 
Another•problem f o r which i t would be suitable i s t h a t of 
a-.subject denied d i r e c t information about the loading on 
h i s limbs; such a subject would have t o compensate h i s 
movements f o r load changes on the basis of the discrepancy 
between motor commands and t h e i r sensory consequences. 
I f there i s thus no obvious j u s t i f i c a t i o n f o r extending 
Von Hoist's ideas t o the problem of prism adaptation than 
the prestige and supporting evidence of the theory does 
not t r a n s f e r automatically to Held's model. Granted t h i s 
lack of external support and the suggested irrelevance of 
the model-, the self-produced-movement c o r o l l a r y appears 
a p r i o r i u n l i k e l y to be correct. Confronted w i t h a c o n f l i c t 
between two normally c o r r e l a t e d sources of s p a t i a l i n f o r -
mation the subject might reasonably be expected to use 
any available information as a basis f o r r e s o l v i n g the 
c o n f l i c t . "Information of any sort w i t h respect to';, the 
a l t e r e d s t a t e o f the system may serve as a basis f o r adap-
t a t i o n " (Wohlwi 11, 1966). 
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The s u r p r i s i n g t h i n g at f i r s t sight about the arm-
wagging experiments of Held and h i s associates i s not the 
d i f f e r e n c e between ac t i v e and passive groups but the f a c t 
that e i t h e r of the groups learned anything. The subjects 
were not required during exposure to carry out any task 
which would have demanded a r e s o l u t i o n o f the v i s u a l -
proprioceptive c o n f l i c t of which they may or may not have 
been aware. And so i t i s not s u r p r i s i n g that even the 
a c t i v e group achieved an adaptation of only about one 
t h i r d of the amount o f the o p t i c a l displacement. 
Wertheimer and Arena (1959) were surprised t h a t they 
observed a much larg e r and more rap i d adaptation (40j£ w i t h 
a 20 second exposure) but t h e i r t r a i n i n g procedure" involved 
p l a c i n g crosses i n v i s i b l e squares so the subjects were 
required to d e l i b e r a t e l y correct t h e i r movements. But even 
t h i s procedure d i d not produce f u l l adaptation, presumably 
because the p o i n t i n g hand was v i s i b l e throughout i t s move-
ment and the task could therefore be c a r r i e d out under 
v i s u a l c o n t r o l alone, thereby making the demand f o r a 
resolution' of the c o n f l i c t weaker than i t need be. 
I t seems very l i k e l y t h a t the s u p e r i o r i t y of active 
t r a i n i n g conditions found by Held i s due t o r i c h e r v i r i d -
i c a l proprioceptive information or more a t t e n t i o n being 
paid t o i t , thereby sharpening the intersensory c o n f l i c t . 
But to say t h a t proprioception may be d i f f e r e n t when a 
limb i s a c t i v e l y r a t h e r than passively moved i s very diffea-ent 
from p o s t u l a t i n g ft- discrepancy between motor commands and 
sensory consequences. This raises a major point about 
Hold's inferences from h i s data. The experiments described 
above involved a comparison of active and passive movement 
during exposure but the t e s t sessions involved only an 
act i v e task. I f active proprioception i s d i f f e r e n t then 
the reason why passive t r a i n i n g d i d not influence the ac t i v e 
t e s t may be t h a t any r e c a l i b r a t i o n o f passive proprioception 
was swamped by the o r i g i n a l c a l i b r a t i o n of'ivthose propriocep-
t i v e components peculiar t o a c t i v i t y . I n any case, the 
evidence of adaptation obtained from a t e s t s i t u a t i o n is-, 
i n general, l i k e l y t o be r e l a t e d t o the s i m i l a r i t y between 
t e s t and" exposure conditions. 
F i n a l l y there i s the l o g i c a l point t h a t Held has chosen 
one or two s p e c i f i c s i t u a t i o n s i n which adaptation appears 
t o depend on self-produced movement of a l l adaptation. 
I n the l i g h t of Held*s f a i l u r e t o explore the p o t e n t i a l 
o f exafference an attempt was made t o devise a s i t u a t i o n 
i n which the bias would be reversed i n favour of exafference 
by providing the subject with both the motivation and the 
opportunity t o a l t e r h i s behaviour during t r a i n i n g . 
The r e s u l t s o f experiment 3(a) show t h a t under these con-
d i t i o n s there i s a degres 0 f adaptation comparable with 
t h a t observed by Held and h i s associates i n t h e i r a c tive 
conditions. 
This conclusion i s strengthened by other recent e v i -
dence t h a t adaptation can occur f o l l o w i n g passive move-
ment (Singer and Day, 1966 a and b) and even without a 
task i n conditions s i m i l a r t o those used by Held (Pick 
and Hay, I965; Singer and Day, I966 b ) . 
I t might appear that the f a c t t h a t self-produced move-
ment i s not necessary f o r the d i s s i p a t i o n of adaptive 
changes i n behaviour (Bossom and Hamilton, 1963; Hamilton, 
1964; Hamilton-and Bossem, 1964)"constitutes an argument 
against reafference theory. But, as Epstein (1967) points 
out, variables necessary f o r the establishment of a state 
may play no part i n i t s d i s r u p t i o n . I n f a c t , maesed prac-
t i c e seems-to a f f e c t a c q u i s i t i o n and e x t i n c t i o n i n opposite 
d i r e c t i o n s (Kimble, I 9 6 I ) . 
Although i t i s of t e n invoked as a contaminating f a c t o r 
i n other studies few workers have d e l i b e r a t e l y attempted 
t o produce adaptation by means of v i s u a l s t i m u l a t i o n from 
parts o f the body other than the reaching arm or f i n g e r . 
But again the r e s u l t s have confirmed the non-essential 
character o f self-produced movement f o r adaptation. 
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Wallaeh, Kravifrz, and Lindauer (1963) used two t e s t s , 
p o i n t i n g t o a v i s u a l t a r g e t and judging when a v i s u a l target 
was s t r a i g h t ahead. Both t e s t s showed an adaptive change 
o f about 35$ o f the prism displacement a f t e r the subject 
had Btood f o r ten minutes looking down at hi s legs through 
the prisms. Another experiment i n which a subject l a y 
supine and looked down at hi s feet produced paradoxical 
r e s u l t s . I n a s i t u a t i o n where the proprioceptive and asBump-
t i o n a l cues t o the p o s i t i o n of the feet should be weaker 
the apparent s t r a i g h t ahead s h i f t e d by a much greater 65$ 
whereas the change i n the p o i n t i n g t e s t was not s i g n i f i c a n t , 
and t h i s despite the f a c t that a change i n the apparent 
. v i s u a l s t r a i g h t ahead should normally be a s u f f i c i e n t con-
d i t i o n f o r a change i n p o i n t i n g t o a v i s u a l target (Rock, 
1966). 
Hein (1965) a t t r i b u t e d the p o s i t i v e r e s u l t s of Wallach, 
Kravitz^and Lindauer t o a postural a f t e r - e f f e c t - r e s u l t i n g 
from the asymmetrical p o s i t i o n taken up by the head and 
trunk i n order t o view the legs through prisms. He closely 
r e p l i c a t e d the r e s u l t s by having h i B subjects adopt such 
a posture but without any intersensory c o n f l i c t . Another 
f a c t o r which Wallach et a l . d i d not c o n t r o l was the asym-
me t r i c a l d i r e o t i o n o f gaze while the legs were being viewed* 
A l l o f these f a c t o r s were c o n t r o l l e d i n experiment 3(b) 
which eliminated head movement while the standing subject 
gazed at h i s feet through prisms. The teBt - s e t t i n g 
the eyes s t r a i g h t ahead - showed a su b s t a n t i a l e f f e c t 
which a c o n t r o l condition showed was not due t o the 
asymmetrical gaze. 
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The other sort of procedure used t o provide support 
f o r the reafference p r i n c i p l e i s t y p i f i e d i n the experiment 
by Held and Bossom (1961). Subjects wore eleven-degree 
d i s p l a c i n g prisms while they e i t h e r walked along a road 
or were pushed along i t i n a wheelchair f o r one hour. The 
sequence o f v i s u a l s t i m u l a t i o n was thus s i m i l a r f o r the 
two groups but i n only one d i d i t depend on eelf-produced 
movement. Before and a f t e r t h i s exposure the subjects 
w i t h prisms on set t h e i r bodies so tha t a l i g h t appeared 
t o be i n t h e i r median plane. The prismatic d i s t o r t i o n o f 
eleven degrees was reduced by j u s t over one degree a f t e r 
exposure, but only i n the case o f the walking subjects. 
S i m i l a r experiments have produced, s i m i l a r r e s u l t s f o r t i l t -
adaptation (Mikaelian and Held, I964) and curvature adap-
t a t i o n (Held and Rekosh, 1963; Rekosh and Held, 1963)* 
I n t h i s s i t u a t i o n i t seems clear t h a t i n the absence 
of v i s i o n o f the subject's own body the major p o t e n t i a l 
source of information i s the changed r e l a t i o n s h i p between 
the f e l t progression of locomotion and the seen progression 
o f v i s u a l s t i m u l a t i o n . As one progresses forward i n a 
Btraight l i n e the r e t i n a l image o f the environment moves 
outward from a di s t a n t point on the l i n e o f progression 
(Gibson, 1950). When wearing prisms t h i s centre of the 
expansion p a t t e r n i s displaced t o one side o f the s t r a i g h t 
ahead. A point which i s t r u l y s t r a i g h t ahead w i l l at a 
distance appear displaced t o one side but as the l i n e a r 
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magnitude of the displaoement decreases as the point i s 
approached i t com«*s c l o s e r and c l o s e r to the .optical 
s t r a i g h t ahead. T h i s progressive change i n v i s u a l stim-
u l a t i o n would he compatible with locomotion along a curved 
path of an observer with normal v i s i o n . 
Held*s theory seems more relevant to t h i s : s i t u a t i o n 
than to the hand viewing one since, here the important d i s -
crepancy IB between movement and i t s v i s u a l consequences, 
but again the movement information i B c e r t a i n l y not derived 
wholly from monitored motor-outflow. 
I t follows from the above a n a l y s i s that whether or 
not the subject r e s o l v e s the c o n f l i c t by a change i n the 
apparent v i s u a l direct-ion of objects would seem to depend 
on how well he knows the d i r e c t i o n of h i s locomotion; i f 
the motor-vestibular - t a c t i l e s t i m u l a t i o n complex presum-
ably responsible f o r t h i s information i s weak then the con-
f l i c t - of which the subject might not even become -awairev^ 
can e a s i l y be resolved by the assumption that the path of 
h i s locomotion i s curved, and t h i s mode of r e s o l u t i o n has 
never been t e s t e d f o r . T h i s seems l i k e l y to be the c r u c i a l 
d i s t i n c t i o n between the a c t i v e and the passive subjects i n 
t h i s s i t u a t i o n : the a c t i v e subjects have more information 
about t h e i r true d i r e c t i o n of locomotion and so are forced 
to r e s o l v e the c o n f l i c t by a change i n v i s u a l judgments 
of d i r e c t i o n . 
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I f the passive s u b j e c t s were allowed to control t h e i r 
own movements the d i f f e r e n c e might w e l l disappear with 
both groups showing adaptation of v i s u a l d i r e c t i o n . T h i s 
r e v e a l s an important ambiguity i n Held's p o s i t i o n . I t 
i s not c l e a r p r e c i s e l y how c l o s e , or d i r e c t , or na t u r a l 
the r e l a t i o n s h i p between movement and i t s sensory con— > 
sequences has to be i n order to q u a l i t y as c o r r e l a t e d 
r e a f f e r e n c e . For example i f the two arms were mechanically 
l i n k e d i n such a way that a c t i v e movement of one produced 
passive movement of the other i n the opposite d i r e c t i o n , 
would the sensory feedback from the passive arm be r e a f f e r e n t 
or not? Or, i n t h i s case, it? the stimulation r e s u l t i n g 
from p r o p e l l i n g oneself i n a wheel-chair - or even an auto-
mobile - re a f f e r e n t i n the same sense as that r e s u l t i n g 
from walking? Held does not sp e c i f y the necessary condi-
t i o n s f o r reafference except i n d i r e c t l y by i m p l i c a t i o n from 
h i s experiments. For example Held., E f s t a t h i o u , and Greene 
(1966) found that a time-delay of 270 m.sec. i n the feed-
back loop was s u f f i c i e n t to prevent adaptation and there -
f o r e presumably to preclude true reafference. S i g n i f i c a n t 
reduction of adaptation i s also reported when during exposure 
the subject c o n t i n u a l l y t r i e s to move h i s arm against a 
c o u n t e r v a i l i n g force so that the act u a l movement i s i n the 
d i r e c t i o n opposite to that intended (Held, I 9 6 8 ) . The force 
i n t h i s case was presumably completely c o u n t e r v a i l i n g , 
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i . e . n e g l i g i b l y modifiable by the subject, but i t might 
have bo*n such that t h * subject though never able to move 
h i s arm i n the intended d i r e c t i o n could nevertheless control 
the rate of movement i n the opposite d i r e c t i o n by the e f f o r t 
whioh he made. T h i s , l i k e the time delay s i t u a t i o n , i s a 
case of complete, though unusual c o r r e l a t i o n , but -it i s 
not c l e a r whether i t would q u a l i t y as reaff e r e n c e . 
Weinstein, Sersen, F i s h e r , and Weisinger designed a 
t e s t of Held*s hypothesis i n which they seemed to cope with 
t h i s ambiguity by allowing Beveral d i f f e r e n t i n t e r p r e t a t i o n s 
of reafference. They employed the Bame method of t e s t i n g 
the apparent s t r a i g h t ahead as Held and Bossom. During 
the exposure period a l l subjects sat i n wheelchairs and 
e i t h e r propelled themselves or were pushed along a c o r r i d o r 
f o r one hour. There were four conditions: p a s s i v e , i n 
which the subject was wheeeled around; move-only, i n which 
the subject moved the wheels but the experimenter steered 
the c h a i r ; diredt-orily i n which a blindfolded experimenter 
pushed the c h a i r but the subject steered i t ; and move-and-
d i r e c t i n which the subject provided both the locomotion 
and the d i r e c t i o n . These conditions were designed to sep-
arate the d i r e c t i o n a l or d e c i s i o n making aspects of a c t i v e 
movement from the ac t u a l movement i t s e l f . Weinstein et a l . ' s 
i n t e r p r e t a t i o n of Held's p o s i t i o n demanded adaptation only 
i n the conditions where thorn subject provided the locomotion 
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whereas they themselves; predicted that i t should occur 
only i n the conditions where he d i r e c t e d the movement, 
presumably on the grounds suggested above that the sub-
j e c t has more information about h i s true d i r e c t i o n of move-
ment. Under the a l t e r n a t i v e i n t e r p r e t a t i o n that reafference 
r e q u i r e s a " n a t u r a l " r e l a t i o n s h i p between movement and i t s 
sensory consequences, Held would predict adaptation i n 
none of the conditions. T h i s i n t e r p r e t a t i o n i s suggested 
by Held and Mikaelian's (1964) experiment i n which "passive" 
s u b j e c t s c o n t r o l l e d t h e i r own wheelchair and showed no 
adaptation while " a c t i v e " walking s u b j e c t s did adapt. 
I n f a c t Weinstein et a l . found adaptation i n a l l four 
conditions though i t was greater i n the two i n which sub-
j e c t s c o n t r o l l e d the s t e e r i n g . These data c l e a r l y c o n f l i c t 
with those of Held and Bossom but i n f a c t this/experimental 
arrangement i s so uncontrolled that there are Beveral pos-
s i b l e d i f f e r e n c e s which could explain the disagreement. 
Held and Bossom claim that t h e i r s u b j e c t s could not see 
t h e i r own bodies but n e i t h e r Held and Mikaelian nor Weinstein 
et a l . make c l e a r whether t h e i r s u b j e c t s could. 
Indeed, i t i s not c l e a r what e f f e c t viewing the body 
would have; i t would c e r t a i n l y produce a f u r t h e r v i s u a l — 
proprioceptive c o n f l i c t which could explain the. adaptation 
found i n a l l of Weinstein et a l . ' s conditions (Wertheimer 
and Amna, 19591 and Craske and Templeton, I968 have shown 
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t h a t the b r i e f e s t glimpse of part of one's own body can 
be e f f e c t i v e ) . But sight of the body and the wheel-chair 
could equally be the explanation f o r the absence of adap-
t a t i o n i n the case of Held and Mika«lian'B wheelchair 
s u b j e c t s , for they could have stayed on course and avoided 
c o l l i s i o n s by means of continuous v i s u a l guidance based 
on the s p a t i a l r e l a t i o n s h i p s between the wheelchair and 
the surroundings s i n c e these v i s u a l r e l a t i o n s h i p s would 
be l i t t l e d i s t o r t e d by the prisms. 
S i m i l a r l y none of these s t u d i e s c o n t r o l l e d for the 
asymmetry, of the v i s u a l f i e l d which ne.sults from wearing 
prisms and which was discussed i n connection with Wooster's 
experiment. Nor did any of them control f o r the e f f e c t of 
movement i t s e l f ; i t i s w e l l known that adaptation occurs 
with a subject who i s permitted head movements but i s 
otherwise immobile (Bossom., 1964; Taub, Goldberg, Bossom, 
and Berman, 1966) . I n any case there could be any number 
of uncontrolled d i f f e r e n c e s between the groups of subjects 
used i n these experiments: walking probably i n h e r e n t l y 
i n v o l v e s more head movement than r i d i n g i n a wheelchair, 
and subjeots who are e i t h e r walking or p r o p e l l i n g t h e i r 
own c h a i r are probably more motivated to attend to and 
r e s o l v e s p a t i a l c o n f l i c t s . 
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As Howard and Templeton (1966) point out, s e v e r a l of 
these c r i t i c i s m s apply equally to Held and Rein's (1963) 
experiment with a mechanically l i n k e d p a i r of k i t t e n s . 
As always with Held's experiments a s i t u a t i o n i s devised 
i n which a c t i v e animals l e a r n b e t t e r and i t i s concluded 
that a c t i v i t y i s e s s e n t i a l to l e a r n i n g before any attempt 
i s made to discover whether d i f f e r e n t conditions might 
o b l i t e r a t e the d i f f e r e n c e . The odds are stacked against 
the passive animal from the s t a r t . 
I n general then the wheelchair s i t u a t i o n seems much 
too cumbersome to allow proper control of the information 
sequence reaching the s u b j e c t . I n order adequately to t e s t 
Held's hypothesis i n a s i t u a t i o n which does not-involve 
arm pointing one would require a subject who i s passive 
but who i s nevertheless forced to commit himself to a 
s p a t i a l judgment which i s then c l e a r l y shown to be i n e r r o r . 
A subject i s presumably a t t e n t i v e to an object which i s 
approaching him and tends to judge whether or not i t w i l l 
h i t him and i f so an what part of h i s body and he i s pre-
sumably s u r p r i s e d and so made aware of s p a t i a l c o n f l i c t 
i f h i s judgment turns out to be erroneous. Such a s i t u a t i o n 
i s the b a s i s of experiment 3 ( c ) , and the r e s u l t s show once 
again that given s u f f i c i e n t information and motivation a 
passive subject w i l l demonstrate at l e a s t some adaptation. 
T h i s r e s u l t takes the conclusion from experiments 3(a) 
and (b) and from Singer and Day (1966a) a stage f u r t h e r -
adaptation oan occur not only i n passive subjects and sub-
j e c t s without s k e l e t a l movement but even i n subjects who 
are not making eye movements. T h i s study showing adap-
t a t i o n to v i s u a l - t a c t i l e dtfaorepancy i s neatly complemented 
by two more recent experiments showing adaptation to v i s u a l -
auditory c o n f l i c t ( K a l i l and Freedraan, 1967) and to t a c t i l e -
auditory c o n f l i c t (Freedman and ..Wilson, 1967) again i n an 
immobile su b j e c t . The exposure condition i n t h i s l a s t study 
involved merely repeated tapping on the sub j e c t * s hand with 
a sounding loudspeaker. _ . .. 
The conclusion therefore from a l l these studies and 
from the experiments reported below must be that there are 
myriad p o s s i b i l i t i e s f o r producing adaptation i n a subject 
who i s not engaged i n relevant self-produced motor a c t i v i t y . 
He can be allowed to see h i s own st a t i o n a r y body or h i s 
p a s s i v e l y moved hand or objeots coming towards him and c o l -
l i d i n g with him or f a i l i n g to c o l l i d e with him. Craske 
(1967a) even found adaptation when the subject pointed to 
v i s u a l t a r g e t s during t r a i n i n g but received k i n e s t h e t i c 
r a t h e r than v i s u a l e r r o r feedback - h i s e r r o r s were c o r r e c -
ted by passive movement of the unseen limb by the exper-
imenter. 
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I n the l i g h t of t h i s evidence there has been some 
modification of Held's views but the most recent s t a t e -
ments from the reafference t h e o r i s t s r e v e a l some confusion 
about the r o l e of aotive movement. "Active movement with 
i t s accompanying sensory feedback i s an e s s e n t i a l condition 
f o r adaptation under ciroumstances i n which no other impor-
tant source of e r r o r information i s a v a i l a b l e " , (Held, 1968) . 
And "'Self-produced movements of a subject experiencing 
rearranged v i s i o n have been shown to be a s u f f i c i e n t con-
d i t i o n f o r p a r t i a l adaptation and they appear to be a nece-
ssary condition f o r f u l l and exact compensation!', (.Held and 
Hein, 1967) . 
Howard and Templeton (1966) suggested that the necessary 
conditions f o r adaptation might be opportunity, i n the sense 
of information d e f i n i t e l y g e t t i n g through about the c o n f l i c t , 
and motivation, i n the sense of - a task r e q u i r i n g f o r i t s 
s u c c e s s f u l performance a r e s o l u t i o n of the c o n f l i c t . As 
in d i c a t e d above, however, there i s some evidence that a 
s p e c i f i c t a s k may not be necessary, and the i n t e r p r e t a t i o n 
of adaptation as a l e a r n i n g pn^nomenon, to be discussed 
below, suggests strongly that opportunity i s the only nece-
ss a r y c r i t e r i o n since sensory discordance carries, with i t 
i t s own motivational p r o p e r t i e s . 
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Adaptation HB a Learning Phenomenon. 
The c e n t r a l problem which has been neglected by most 
theo r i e s of adaptation i s "Why does adaptation occur?" 
T h e o r e t i c a l i s s u e s have mainly concerned the conditions 
which f a c i l i t a t e adaptation or the s i t e of the changes which 
occur i n adaptation. But they leave us with an intersensory 
c o n f l i c t or an efferenoe-reafference discrepancy without 
suggesting why i t should be resolved ( E p s t e i n , 1967). 
I n t e r p r e t a t i o n of adaptation as a le a r n i n g phenomenon might 
supply the missing l i n k Bince l e a r n i n g implies reinforcement 
.and motivation. T 
Several of the e a r l i e r workers i n t h i s f i e l d , a'.g. 
Wooster (1923) and Snyder and Pronko (1952) have regarded 
some sort of l e a r n i n g as ah important component of the 
process of prism adaptation. The most elaborate a n a l y s i s 
along these l i n e s was advanced by J . G. Taylor (1962) who 
argued that, s p a t i a l l y oriented behaviour c o n s i s t s of s e t s 
of stimulus-response connections e s t a b l i s h e d through e a r l y 
l e a r n i n g . When v i s i o n i s subsequently transformed the old 
visual-motor r e l a t i o n s lead to m i s l o c a l i z a t i o n and are 
therefore subject both to e x t i n c t i o n due to l a c k of r e i n -
forcement and to suppression due to punishment. At the 
same time H*W co-ordinations appropriate to the a l t e r e d 
v i s i o n are rewarded, thereby acquiring strength. T h i s 
approaoh, e n t i r e l y i n terms Of primary reinforcement pro-
cesses, provides an adequate account of the r e s u l t s of the 
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c l a s s i c a l work on e i t h e r d i s p l a c i n g ors?reversing/inverting 
prisms. I n these cases s u b j e c t s e i t h e r i n t e r a c t e d f r e e l y 
with t h e i r environment or were given s p e c i f i c t a s k s , a f t e r 
which they were permitted knowledge of t h e i r e r r o r s : the 
nature of the reward and punishment was c l e a r . 
Two aspects of more recent work, however, appear to 
dispose of such a simple l e a r n i n g i n t e r p r e t a t i o n . I n the 
f i r s t place Held'8 s e r i e s of studies have demonstrated 
adaptation i n s i t u a t i o n s where l a c k of co-ordination did 
not appear to be punished: nor co r r e c t co-ordination 
rewarded: subjeots merely watched t h e i r environment as 
they moved about i t or watched more or l e s s random movements 
of t h e i r o p t i c a l l y d i s p l a c e d hands. I n the seoond place, 
those s t u d i e s designed to undermine the relevance of Held's 
reafference p r i n c i p l e by showing adaptation i n the absenoe 
of subject movement (Experiments 3 ( a ) , (b) and ( o ) ; Singer 
and Say, I966; Wallach, K r a v i t z , and Lindauer, 1963; 
Freedman and Wilson, 1967; K a l i l and Freedman, 1967) make 
i t u n l i k e l y that i f there i s l e a r n i n g i t i s of sensory-motor 
connections. 
Taub (1968) has attempted to strengthen the l e a r n i n g 
i n t e r p r e t a t i o n to encompass these cases i n the time-honoured 
manner of reinforcement t h e o r i s t s i n d i f f i c u l t y - by invoking 
secondary reinforcement. Sue to t h e i r having l e d i n the 
past to m i s l o c a l i z a t i o n and subsequent punishment c e r t a i n 
conditions, notably intersensory discordance, acquire a 
secondary negative character. The subject from a very 
e a r l y age l e a r n s to escape from or terminate suoh noxious 
conditions before they can lead to n i s l o c a l i z a t i o n . I n 
the case of intersensory discordance the noxious s i t u a t i o n 
i s terminated by intersensory r e c a l i b r a t i o n ( i . e . change 
i n .judgment) which _is the learned response; hence the 
l a c k of need for subject movement. The system has merely • 
to be made aware of the discordance i n any e f f e c t i v e way 
and the r e c a l i b r a t i o n w i l l r e s u l t . Furthermore, the r e -
c a l i b r a t i o n w i l l -consist not of a compromise between -t-he-
oonflictint?sources of information, which would typioall-y 
s t i l l l ead to m i s l o c a l i z a t i o n , but of a dominance of that 
souroe which has proved i t s e l f the more sta b l e and accurate 
i n the past, in.the human case g e n e r a l l y v i s i o n . A oom*» 
promise s o l u t i o n may be apparent (e.g. Rekosh and Freedman, 
1967) but only at an intermediate stage of adaptation. 
Taub, .Goldberg, Bossom, and Berman (1966) have shown 
d i r e c t l y the importance of the r e l a t i v e strengths of mod-
a l i t i e s . They t r a i n e d " deafferented monkeys to point 
a c c u r a t e l y with unseen hands, and gave them a 24-hour 
period of prism exposure with fre e head movements but no 
s i g h t of the body. A f t e r - e f f e c t s i n i t i a l l y were 100$ of 
prism displacement i n the deafferents but only 39$ i n nor-
mal c o n t r o l s , showing that i f the subordinate modality i n 
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a c o n f l i c t i s weakened, adaptation, i s more r a p i d . S i m i l a r l y 
RekoBh and Freedman (1967) have shown that i n a condition 
of prism-induced v i s u a l - a u d i t o r y c o n f l i c t i f the auditory 
information i s attenuated by ear-muffs then there i s a 
s h i f t i n both auditory and v i s u a l l o c a l i z a t i o n ; without 
auditory attenuation the adaptation i s almost e n t i r e l y 
v i s u a l . 
T h i s l a s t example makes i t c l e a r that the question 
of how the c o n f l i c t i s resolved i s not wholly one of i n -
herent dominance but depends also on which modality has 
been experimentally a l t e r e d . 
Thus on t h i s view the old habitB of judgment r e s u l t 
i n noxious discordance which i n turn provides the i n f o r -
mation necessary f o r subsequent modification of those 
h a b i t s . I t i s not unusual i n l e a r n i n g theory f o r one 
and the same stimulus to serve as a reinforcement f o r 
e a r l i e r responses and a d i s c r i m i n a t i v e stimulus for sub-
sequent responses (e.g. Hnatiow and Lang, 1965)* 
The f a c t that adaptation occurs even i n an immobile 
animal no longer r u l e s out a learning i n t e r p r e t a t i o n since 
i n the past decade a wide range of le a r n i n g phenomena have 
been shown to occur a f t e r administration of curariform 
agents which prevent overt s k e l e t a l movement (e.g. Black, 
1965; M i l l e r and M Cara, 1967). 
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E p s t e i n (1967) propounds a view which while much l e s s 
f u l l y elaborated than Taub*s probably has s i m i l a r i m p l i -
c a t i o n s . "The presence of c o n f l i c t or discrepancy may 
be a precondition f o r adaptation the need to elim-
i n a t e c o n f l i c t i s the motivational b a s i s f o r the changes 
observed i n adapt ati-onal experiments.... Precedents f o r 
these assumptions may be found i n more general d i s c u s s i o n s 
of c o n f l i c t (e.g. M i l l e r , i n Koch, 1959; Pestinger, 1957)". 
The only other attempt to apply l e a r n i n g theory p r i n -
c i p l e s to adaptation i s B a i l y and Singer*B (1967) analogy 
with sensory preconditioning ( S e i d e l , 1959) D U ^ *h* d e t a i l s 
are very e l u s i v e and w i l l not be pursued here. 
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The S i t e of the Adaptive Change. 
Although the aspect of Held's theory which has gen-
erated most controversy and research i s h i s claim that 
self-produced movement i s necessary f o r adaptation., t h i s 
claim i n f a c t follows from the more b a s i c a s s e r t i o n that 
what changes during adaption are the connections between 
efference and reafference, i n e f f e c t adaptation i s a 
change i n visual-motor co-ordination. I n t h i s respect 
Held has been followed by Festinger, Ono, Burnham, and 
Bamber (1967) but has been l a r g e l y by-passed by the great 
majority of s t u d i e s done i n the s i x t i e s and concerned with 
the problem of what adapts during adaptation. 
H a r r i s 1963(a) l i s t e d s i x p o ssible mechanisms which 
could underly a change i n pointing to a v i s u a l t a r g e t . 
The f i r s t p o s s i b i l i t y i s "conscious c o r r e c t i o n " . There 
i s of course no doubt that t h i s occurs but, as was pointed 
out e a r l i e r , most experimenters are aware of t h i s and take 
steps to exclude i t so i t i s u n l i k e l y to be a v i a b l e general 
explanation of adaptation. Secondly, i t i s p o s s i b l e that 
the apparent egocentric l o c a t i o n of the v i s u a l target a l t e r s 
due to a change i n s p e c i f i c a l l y v i s u a l l o c a l i z a t i o n . Or 
i t B apparent l o c a t i o n may a l t e r as part of a more general 
" s h i f t i n perceptual a x i s " which produces a change i n the 
l o c a l i z a t i o n of a l l t a r g e t s , however sensed. Held's view 
t h a t there i s a change i n visual-motor c o r r e l a t i o n -is also 
a p o s s i b i l i t y . The f i f t h mechanism suggested by H a r r i s 
i s "motor le a r n i n g " , the establishment of new muscular 
responses to a p a r t i c u l a r perceived target l o c a t i o n . 
F i n a l l y there may be a "proprioceptive change "a change 
i n the judged l o c a t i o n of the unseen hand with respect to 
the body. 
H a r r i s a l s o l i s t e d a set of t r a n s f e r t e s t s whioh would 
be u s e f u l i n deciding between these p o s s i b i l i t i e s and 
applied them i n a number of experiments ( H a r r i s , I963 a 
and b ) . He used an exposure period of three minutes during 
which the subject wore 20-dioptre l a t e r a l l y d i s p l a c i n g 
prisms and was required to point repeatedly with seen 
hand to a v i s u a l t a r g e t . He used four d i f f e r e n t t e s t s 
applied with normal v i s i o n before and a f t e r exposure. I n 
one the subject pointed with unseen hand to ench of f i v e 
v i s u a l t a r g e t s . I n the second the subject judged when a 
sound source was s t r a i g h t ahead with hiB eyes shut. The 
t h i r d involved pointing at the sound source again with eyes 
shut. And f i n a l l y he WRB required to point s t r a i g h t ahead 
with eyes shut. The three pointing t a s k s used both hands 
a l t ernat ely. 
The main f i n d i n g WRB that the judgment of the s t r a i g h t 
ahead p o s i t i o n of t h e sound Bounce showed no e f f e c t , but 
the other three t e B t s showed an adaptive s h i f t and to 
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s i m i l a r extents provided the t r a i n e d hand was used. I n 
addition the s h i f t i n the f i r s t t e s t was the same s i z e for 
a l l f i v e target p o s i t i o n s . The absence of intermanual 
t r a n s f e r seems to r u l e out e i t h e r a change i n v i s u a l l o c a l -
i z a t i o n or a general " s h i f t i n perceptual a x i s " . The S h i f t 
i n pointing to the auditory target r u l e s out He-Id's v i s u a l -
motor r e c o r r e l a t i o n . H a r r i s also considers that the motor 
learning'hypo the s i B i s excluded by. the f a c t that the change 
i n pointing to the v i s u a l target used i n t r a i n i n g t r a n s -
f e r r e d f u l l y to the other four v i s u a l t a r g e t s which had 
not been used and which demanded different' movements. T h i s 
p o s s i b i l i t y i s ruled out e a s i l y and more d e c i s i v e l y by the 
common procedure of a l t e r n a t i n g s t a r t i n g p o s i t i o n s f o r 
t e s t pointings, s i n c e the motor-system can presumably a l t e r 
i t s commands i n ways l i k e "make a l a r g e r movement" but. not 
l i k e "make a l a r g e r movement from the l e f t but a smaller 
movement frjom the r i g h t " . I n f a c t , some workers have reported 
a dependence of the .effect on s t a r t i n g p o s i t i o n (Sekular 
and Bauer., I 9 6 6 ) . 
I f we exclude "conscious c o r r e c t i o n " t h i s leaves only 
proprioceptive change and t h i s i s what H a r r i s concluded was 
the operative mechanism - "a change i n the f e l t p o s i t i o n of 
the arm r e l a t i v e to- the body The person comes to f e e l 
that h i s hand i s where i t looks as i f i t i s " ( H a r r i s , 1963b, 
p* 813)-. T h i s of course f i t s w e l l with the common view that 
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"Vision completely dominates touch" (Rock and Harris, 1967; 
see also Rock, I965; Rock and Victor, 1963; Nieison, 1963; 
Hay, Pick and Ikedaj .1965). 
Mora direct evidence i s presented i n a second experiment 
(Harris, 1963a) i n which the test consisted of productions 
by the subject of various intermanual distances specified 
by the experimenter. Motor learning was excluded by allowing 
only passive movements of the trained limb. The resultB 
showed a marked change i n the productions which was com-
patible with the expected adaptive s h i f t i n the trained 
arm. 
McLaughlin and Rif-kin ( I965) confirmed that the change 
i n pointing straight ahead, i n the dark i s of similar-mag-
nitude to the change i n pointing at-visual targets. 
A further decisive test Bhowed significant s h i f t s when 
the trained arm was used to point to the stationary untrained 
arm with eyes shut (Efstathiou and Held, I964) although 
t h e i r other finding that t h i s adaptive s h i f t i s s i g n i f i c -
antly smaller than that manifested i n pointing to visual 
targets - i s d i f f i c u l t to account for on the proprioceptive-
change hypothesis. But Hamilton and Hillyard (1963) and 
Craske and Gregg (1966) have shown very similar s h i f t s i n 
pointing to visual targets -and to the untrained hand. 
Kravitz and Wallach (1966) found a change i n judged 
limb position when the subject was exposed to displaced 
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vision of his passively vibrated hand. And Craske (1966a) 
had subjects point at the shoulder, elbow, and wrist of 
the trained arm then the tr a i n i n g involved pointing to 
visual targets with a straight r i g i d arm. There was a 
considerable change i n the apparent position of the wrist 
a smaller change at the elbow and no change at the shoulder. 
These s h i f t 8 were compatible with a change i n the judged 
angular orientation of the arm, measured from the shoulder. 
In another experiment t h i s angular change was shown to 
correlate highly with the adaptive s h i f t i n pointing to 
visual "targets. 
The change i n pointing to auditory targets following 
visual rearrangement t r a i n i n g found by Harris has been 
confirmed by Pick and Hay ( I964) and McLaughlin and Bower 
(1963a). .Craske (1966b) confirmed the reverse hypothesis, 
viz", that adaptation to- auditory-proprioceptive discordance 
transfers to a task of pointing to visual targets. During 
t r a i n i n g the subject had to point to an auditory target 
and i n order to "assist" him i n the task he had. to use another 
auditory source which he believed to be i n the same location 
and attached to his f i n g e r - t i p but which wis i n fact d i s -
placed several inches from th i s finger t i p . I t has also 
been shown that adaptation to auditory rearrangement -
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t h i s time the sound source* which the subject carried had 
i t s apparent direction altered by a pair of falsa pinnae 
offset by 20° - transfers to pointing straight ahead i n 
the dark (Freedman, Gardos, and Rekosh, I966). 
A further prediction which might be made from the 
proprioceptive change hypothesis i s that there should be 
an adaptive change i n pointing to the remembered location 
of targets with the trained hand but not with the untrained. 
Efstathiou and Held (1964) f a i l e d to f i n d such an effect 
i n the trained arm but Hamilton and Hillyard (1965) did 
•record—adapt at i-on t hough not as great as i n point ing" to 
visual targets. Craske (1967a) used a sample of s k i l l e d 
pianists and f a i l e d to f i n d an after-effect i n the task 
of pointing to middle C without vision* He suggested that 
highly s k i l l e d movements l i k e t h i s may no longer depend 
on information about- starting position but depend' solely 
on a standard motor-outflow pattern. But any localizing 
movement must surely depend not only on the motor pattern 
but also on knowledge, either direct or assumed', about 
the starting position of the limb. Craske's explanation 
would be plausible i f he had used a standard starting pos-
i t i o n but i n fact, very sensibly, he made a point of vary-
ing the s t a r t i n g position from t r i a l to t r i a l . His result 
remains paradoxical. Kennedy (1969) however, has confirmed 
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-that adaptation i n pointing to the remembered location of 
targets occurs i n the trained, but not i n the untrained 
arm. 
Finally the evidenoe of fiossom and Hamilton (1963) 
that s p l i t - b r a i n monkeys show interocular transfer of prism 
adaptation seems i n retrospect compatible with the hypothesis 
of a change i n f e l t position of the arm. 
I t was noted above that Hamilton (1964) lent support 
to Harris's position by reporting a lack of intermanual 
transfer of the adaptive s h i f t i n pointing to visual targets. 
But-t his -was true only when_the subject*s movements wer'e-
r e s t r i c t e d . With free head movements, on the other hand, 
the adaptive s h i f t was manifested i n the untrained as well 
as the trained arm although s i g n i f i c a n t l y reduced i n size. 
Hamilton sought to extend the proprioceptive change hypo-
thesis by suggesting that there were two component's of the 
adaptation process, the change i n apparent relationship 
between arm and trunk and a change i n that between head 
and trunk, with the' l a t t e r f o r some -unexplained reason, 
ocourring only when the head was f r e e to move. 
The other obvious explanation f o r intermanual transfer 
i s a change i n visual localization probably mediated by a 
change i n apparent direction of gaze. This suggestion goes 
back to Hnlmholtz. This a l t e r n a t i v e i s perhaps l e s B plauB-
i b i e i n Hamilton's case since the presence of adaptation i n 
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the untwined arm seems to depend on the presence of head 
movements and i t i s even more d i f f i c u l t to explain why 
t h i s factor should catalyze a-change i n f e l t eye position 
than why i t should produce a change i n f e l t head position. 
But Hamilton rejects i t even i n another experiment where 
subjects lay on their backs and effects were manifested 
i n pointing with a l l four limbs; the question of head 
movements was not involved. His rejection of t h i s pos-
s i b i l i t y was mainly on the erroneous grounds that the eye 
has no position sense to be altered. But of course the 
evidence shows simply that the eye's position sense is-
not proprioceptive i n the normal sense but rather based 
on monitoring of motor outflow to the eye muscles (see 
Howard and Templeton, 1966). ' 
In another of the rare cases whe>e intermanual trans-
fer was found when the exposure consisted simply of viewing 
the hand through prisms ( K a l i l and Freedman, 1966a) i t was 
confirmed that there occurred also a s h i f t i n the position 
i n which the eyes are judged to be straight ahead ( K a l i l 
and Freedman, 1966b). Other cases are McLaughlin and 
Bower (1965b) McLaughlin, Hiffcin, and Webster (I966) and 
McLaughlin and Webster (1967). These authors also found 
no effect when the untrained arm pointed to the apparent 
straight ahead but confirmed the oculomotor nature of the 
change by demonstrating a s h i f t i n the position of the 
visual target which was judged to be straight ahead. 
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The finding of Cohen (1967) that intormanual transfer 
occurs i f the- subject sees his finger only at the termin-
ation of a pointing movement and not i f he s«es i t through-
out the movement, remains unexplained. 
I t thus seems clear that even i n exposure conditions 
where the only c o n f l i c t i s between seen and f e l t positions 
of the hand or arm, the observed ;#draptation Beems to require 
the assumption of a change i n judged relationship between 
head nnd eyes or head and trunk, i n addition to the change 
i n f e l t arm position which i s undoubtedly the primary com-
p.on.ent_of .adaptation in-these situations. • — 
But i t i s in the other sort of situation - locomotion 
while wearing prisms - that the eye or head component 
becomes most prominent. I n these situations pointing with 
both hands i s affected (Bossom, 1964; Bossom and Held, 
1957| Cohen, 1963; Hamilton, 1964; -Haris, 1963a; Held 
and Bossom, 1961; Pick and Hay, I964) and so also i s 
egocentric orientation (BosBom and Held, 1957; Bossom, 
1959; Held and Bossom, 1961; Held and Hikaelian, 1964; 
Pick and Hay, 1964)* 
Similarly i n the case of inspecting one's own body 
through prisms, Wallaoh, Kravitz, and Lindauer (1963) 
concluded that the technique Beemed to produce an altered 
evaluation of visual direction, Craske (1967b) found a 
change i n the apparent straight ahead position of gaze, 
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an effect confirmed i n experiment 3(b). And Hay and Pick 
(1966) found changes i n both head and eyes. 
When the s h i f t i s i n the -judged head orientation one 
would expect a congruent change i n both visual and auditory 
localization whereas i f i t was i n the judged direction of 
gaze only 1 there should be no change' i n auditory l o c a l -
i z a t i o n . This test was uBed by Rekosh and Freedman (I967) 
although they did not interpret t h e i r results i n t h i s way. 
Harris (1965) admitted that these factors could be operat-
ing i n some situations but he did not seem to realize that 
.the.__v_i:s.ual—changes which they-mediate appear to be-the 
central factor i n unrestricted experimental conditions. 
Yet another possible component of adaptation i s sug^ 
gested by t'he work of Cohen (1966) who found that the 
adaptive s h i f t generated by pointing to foveal targets i n 
training, transferred to. peripheral test targets but there 
was no transfer i n the opposite direction. A possible 
explanation would be that the change i n the f i r s t situa-
t i o n involved either arm or direction of gaze and hence 
affected a l l test targets; i n the second situation i t 
may have been the r e t i n a l space values which altered, 
i.e. what the subject learned may have been that the 
target was stimulating a point closer to or farther away 
from the fovea than i t actually was. I n t h i s case there 
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would be no reason to expect foveal targets to be affected. 
I t seems i n the context of prism adaptation to have been 
generally t a c i t l y assumed that r e t i n a l space values are 
unalterable, but i n fact there are several well established 
phenomena Buch as f i g u r a l after-effects, pseudo-fovea and 
anomalous correspondence with monocular diplopia which 
appear to involve just such a change i n local sign. This 
would seem a f r u i t f u l f i e l d for further investigation. 
Harris and Harris (1965) have speculated that the 
sort of mechanisms we have been considering oan be used to 
explain the long-term adaptation to reversing and inverting 
spectacles used i n the classical work of Stratton and 
R'o-hler. There are two problems here. The question of 
differences between the effects of displacing prisms and 
the more complex disturbances oaused by the other devices 
i s beyond the scope of t h i s discussion, but Hay and Pick 
(1966) have thrown some l i g h t on the other question, of 
whether the evidence found i n the r e l a t i v e l y short-term 
experiments discussed above oan be generalized to s i t -
uations involving long-term exposure, even with only dis-
placing prismB. 
Hay and Pick had t h e i r subjects wear 20-dioptre 
prisms for periods ranging from 144 hours to 40 days. At 
various times during these periods they tested them on 
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six tests involving respectively eye-hand, eye-ear eye-
head, ear-hand, ear-head, and head-hand co-ordination* 
Bri e f l y , the results indicated that early i n the exposure 
period a l l the tests except ear-head (designed to control 
f o r changes i n the auditory system)'showed adaptive s h i f t s 
hut that after about 12 hours the effects i n the tests 
involving the proprioceptive change (ear-hand and head-hand) 
began to diminish whereas those involving visual l o c a l -
i zation (eye-hand, eye-ear, eye-head) showed sustained 
adaptation. Hay and Pick suggest that the trend of adap-
t a t i o n _i_s_ characterized -toy an i n i t i a l . , rapid, tr.annit.ory_. 
change i n the proprioceptive system, followed by a stable 
change i n visual localization. This makes good sense: 
vision i s inherently dominant over proprioception, so when 
i t i s displaced visual capture OCCUTB almost immediately 
but i n the long-run the subject must encounter a multitude 
of cues which bring home to the nervous system the true 
situation - that i t i s vision which i s giving erroneous 
information and i t i s therefore more economical to recal-
ibrate the visual input. By analogy one would expect that 
i n a visual-auditory co n f l i c t the auditory system would 
al t e r i n i t i a l l y and would remain altered i f the c o n f l i c t 
was produced by auditory re-arrangement, but would return 
to normal, to be replaced by a long-term visual change i f 
i t was audition which had been re-arranged. Hay and Piok's 
experiment i s an excellent model for future long-term studies. 
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The evidence then 8«ems strongly i n favour of the 
naive view that i f a subject comes to point inaccurately 
to a visual target then he has changed his mind either 
about where- the visual target i s or about where his arm 
i s . Apart from t h i s there i s no evidence for a change i n 
the visual-motor relationship as such, and i t was the assump-
t i o n that t h i s was the basis of adaptive shifts that forced 
Held to assign so much importance to the reafference p r i n -
ciple. I f reafference i s important i n f a c i l i t a t i n g adap-
t a t i o n and there i s as yet no good evidence to the contrary 
then i t s . importance must rest on other grounds than i t s 
r ole i n Held's model, as has been suggested above. 
Thus adaptation to spatial sensory co n f l i c t appears 
to consist of a change i n the judged relationship between 
parts of the body - between arm and body, between eye and 
head, possibly' between head and neck, and possibly even 
between different parts of the retina. Even the M.I.T. 
group say i n a recent publication that adaptation consists 
of "a new spatial relationship between movements of two or 
more parts of the body oriented i n relation to a common 
target". (Efstathiou, Bauer, Greene, and Held, 1967)* An 
altered interpretation of proprioceptive information from 
the arm joints seems'to characterize the restricted hand-
wagging and finger-pointing laboratory experiments, and 
visual change based on neck or eyes the freer locomotion 
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situations, but the detailed specification of the conditions 
under whicfi the various components manifest themselves and 
how they a l t e r with respect to one another over time remain 
as problems for future research. The most l i k e l y factor 
to be of importance seems at present the relat i v e richness 
of the various classes of information which are i n c o n f l i c t . 
Vision for example i s less l i k e l y to dominate when the whole 
body i s v i s i b l e rather than just the hand, or when the- sub-
ject has been wearing prisms for some time and has encoun-
tered many types of cue, a l l contradicting the information 
furnished by vision. . . . - - 4 
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EXPERIMENT 3(a). 
The purpose of t h i s experiment was to test whether 
given both opportunity and motivation subjects would adapt 
to p r i B m a t i c d i s t o r t i o n even i n the absence of reafferent 
information, i n t h i s case when the subject*s movements 
were passive. 
Method. 
Throughout the experiment the subject stood at a table 
with his head clamped i n ai head-rest. His .right-forearm 
was firmly secured i n a horizontal cradle designed to keep 
the arm r i g i d from elbow to index f i n g e r t i p . The cradle 
rotated horizontally about the v e r t i c a l axis through the 
subject's elbow. I t could be rotated either by active move-
ment of the subject'8 arm or by means of a motor.. -The 
angular position of the cradle could be read o f f a scale 
attached to the pivot bearing. The subject's arm and the 
cradle were normally concealed by a screen which could be 
withdrawn to permit the subject to view his f i n g e r t i p . 
Throughout the experiment the subject wore rotating 
prisms which displaced the f i e l d of view about 13° to his 
l e f t . The visual targets were two identical brass rods 
which could be individually raised into the subject's f i e l d 
of view or lowered out of sight. They were located 27° 
172 
apart on the horizontal arc of a circle, centred on the sub-
ject's elbow and with a radius somewhat longer than the 
subject's forearm. Their optical positions (taxing aocount 
of the prisms) were at equal distances on either side of 
the median plane of the head. Due to the spatial separation 
of head and elbow, the 13° optical displacement as measured 
from the head corresponded to a displacement of 12.5° for 
the right target (A) and 9*5° for the l e f t target (Bi) as 
measured from the elbow. 
The pre-test consisted of six active pointings to each 
target without knowledge of results; the f i r s t two point-
ings to each target were disregarded. The pre-test was 
immediately followed by the tr a i n i n g session during which 
the subject was several times instructed to keep his arm 
"completely passive". Movement was by means of the motor 
and the subject instructed the experimenter when he was 
sati s f i e d that he was pointing at whichever of the targets 
was vi s i b l e * the screen was withdrawn and the subject 
could see his f i n g e r t i p i n i t s true relationship to the 
target; his arm was then returned by a circuitous route 
to the starting position for the next t r i a l . Although the 
subject was not permitted to move his finger while the 
target l i g h t was on, he was encouraged to make deliberate 
correction of his pointing error on subsequent t r i a l s . 
Training was continued to an arbitrary c r i t e r i o n of ten 
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successive t r i a l s on none of which the pointing deviated 
from the true position of the target i n the direction of 
i t s optical position by more than the magnitude of the 
optical displacement. This c r i t e r i o n was i n a l l cases 
reached by about the sixteenth t r i a l . Finally the post-
test consisted of four active pointings to each target 
under the same conditions as the pre-test but with instruc-
tions to point "normally and naturally" without the delib-
erate adjustments characteristic of the t r a i n i n g session. 
In a l l three sessions the two targets and four starting 
positions, two to the l e f t and two to the r i g h t , were 
balanced, and presented i n random order. Sixteen subjects 
were used, mainly undergraduate volunteers. 
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Results and Discussion. 
Table 3.1 shows the optical displacement of each 
target as measured from the elbow together with the mean 
difference i n pointing positions between the pre-test and 
the post-test. 
Table 3.1. 
Optical displacement, and mean pointing position at 
the end of tr a i n i n g and on post-test as deviations from 
pre-test pointing positions, and r a t i o of pre-test - post-
test difference -to optical displacement. 
Optical Displacement Target A* 
1-2.5° 
Target B. 
9.5° 
Mean difference of pre-
and post-test pointings 
Adaptation r a t i o 
Mean difference of pra-test 
and f i n a l t r a i n i n g level 
4.0° 
.-32 
8.6° 
3.2° 
*34 • • 
8.5° 
The overall difference between pre- and post-test 
settings i s 3.6° + 0.4° which i s of course s i g n i f i c a n t l y 
greater than zero. This change, approximately one t h i r d 
of the optical displacement, demonstrates that substantial 
and significant adaptation can occur i n the absence of 
active-movement and hence reafferent feedback during 
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t r a i n i n g , provided the subject i s forced to use the other 
information available about the distortion-.: 
The interpretation of t h i s result depends on two crucial 
assumptions, that the arm was really passive during t r a i n i n g 
and that the subject did not make deliberate, corrections 
during the post-test. Only instruction was used to ensure 
passivity, as was alBo the case when Held and Hein (1958) 
f a i l e d to obtain adaptation. The only evidence "ava^lab^e'^"^ 
about the subject's attitude during the poA$-test i s that 
of verbal report together with the fact that post-test 
pointing positions were quite different from the last four 
pointings to each target i n the t r a i n i n g session (see Table 3.1). 
I t i s well known that asymmetrical stimulation can induce i t s 
own characteristic after-effects. I n t h i s experiment the 
visual stimulation was approximately symmetrical about the 
median plane and the expected s h i f t i n pointing from pre-test 
to post-test was away from the median plane, i . e . , i n the 
direction opposite to that which would be expected of an 
adaptation of the pointing i t B e l f . 
Finally, a possible suggestive aspeot of the results 
i s the difference between amounts of adaptation for the two 
targets such that the adaptation r a t i o i s a constant one-
t h i r d . This might suggest d i f f e r e n t i a l adaptation i n d i f -
ferent parts of the f i e l d , but such i s made rather implausible 
by the fact that t h i s difference i s not reflected i n the 
f i n a l level of trai n i n g . 
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This experiment was carried out before the feasability 
of establishing the location of adaptation had become appar-
ent and so i t i s impossible to specify the actual mechanism 
which produced the adaptation. Such an analysis would 
require for example that adaptation be t e s t e d i n both handB 
to decide between a change i n the interpretation of limb 
proprioception (the more l i k e l y alternative) and a more 
generalized change i n apparent head orientation or direction 
of gaze. I n retrospect i t alBo appears unfortunate that 
ft:'"pams:i v* test condition was not included i n view of the 
cr i t i c i s m levelled against Held that one of the reasons 
he did. not f i n d adaptation i n his passive conditions was 
that the position sense of the active arm i s different and 
stronger and since the elements i t does not share with pas-
sive position have not b««n recalibrated i t does not show 
any affect as a result of passive training. 
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EXPERIMENT K b ) . 
The purpose of t h i s experiment i s to determine whether 
changes i n spatial behaviour occur when a motionless obser-
ver gazes down at his feet through displacing prisms, and 
whether such changes result from the intersensory c o n f l i c t . 
Method. 
The sub.ieot sat i n front of a T.V. camera which was 
focussed on his l e f t eye. Between the eye. and the camera, 
and 7 .5 onu-.. from the corneal surface, was a 15 cm. x 20 em. 
beam-splitter, inclined at 4 5 ° to the horizontal (see Fig. 3 . 2 ) . 
A featureless white c e i l i n g at an optieal distance of 137 cm.-
was illuminated by a number of reflector spot-lights with 
a uniform luminance of 250 foot lamberts, and performed the 
dual function, by re f l e c t i o n at the beam-splitter, of i l l u m i n -
ating the eye and providing the subject's visual field-; 
the extent of t h i s f i e l d was equal to an excursion of 9 0 ° 
i n the horizontal direction, and 22° i n the v e r t i c a l . Head 
position was kept constant by means of a wax b i t e . The 
image of the eye was magnified x 10 at the monitor screen. 
The screen incorporated a plastic millimetre scale oriented 
either v e r t i c a l l y or horizontally, and the position of the 
eye could be measured against t h i s scale by means of a set 
square. This could be translated parallel to the scale 
u n t i l i t s edge formed a tangent to the i r i s of the imaged eye. 
F i6* 3 , 3 d f i C Q y of the post-exposure effect. 
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Before a set of readings, the subject switched, on a 
tungsten-iodine 100 watt bulb mounted 23 cm. i n front of 
his eyes i n the median s a g i t t a l plane. Binocular f i x a t i o n 
was maintained u n t i l the small grid filament became clearly 
distinguishable; the bulb was switched o f f , and the subject 
could see the small after-image projected on the illuminated 
c e i l i n g , which appeared normal to the subject's forward 
direction of gaze and at a distance of 137 cm. This 
was repeated at intervals of a few minutes so that a clear 
after-image was maintained. This normally involved missing 
out one reading. 
Readings of the eye's position were taken every ten 
seconds, and between readings the-subject kept his eyes 
shut. When the signal was given for a reading, the subject 
attempted to set his eyes straight ahead and then opened • 
his l i d s . The after-image was seen projected on the c e i l i n g , 
and where t h i s f i r s t appeared,, i t was voluntarily locked 
fo r the duration of the reading, ( 1 - 2 seconds). This 
'locking' could easily be achieved by preventing the af t e r -
image gl i d i n g over the texture of the c e i l i n g surface. 
I t was found that by occasionally executing a rapid 
series of blinks the subject could maintain a sharp af t e r -
image without i n t e r f e r i n g with the measurement procedure. 
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During the exposure condition the subject stood looking 
down at his feet through 25dioptre prisms for a period of 
15 minutes. Head was held i n the median sagi t t a l plane 
by means of a dental wax b i t e , his chin rested on his chest 
and his forehead on a head-rest. His feet were dimly i l l u m -
inated i n an otherwise dark room and he could reduce the 
illumination to compensate for dark adaptation by means 
of a variac suitably to hand. 
Such a condition clearly involves a conf l i c t of i n f o r -
mation regarding the position of the feet, between vision 
on the one hand and the vestibular-proprioceptive system 
on the other. After a short time the conflict i s resolved 
i~n—favour of the l a t t e r - the feet are reported to appear 
d i r e c t l y below the subject's eyes. 
After the exposure condition the prisms were removed 
and the subject found his way with eyes shut to the measure-
ment apparatus; when he was seated he opened his eyes and 
proceeded to generate the after-image. Readings were then 
taken as described, once every ten seconds. During the 
measurement procedure i t was ensured that the subject saw 
no part of his own body at any time. 
180 
Results. 
The experiment involved a series of eye-position 
readings, then the 15 minute exposure and then a resump-
t i o n of eye-position readings taken every ten seconds. 
Typical results for one subject are shown i n f i g . 3«3» 
The data points at ten-second intervals v i r t u a l l y a l l lie. 
along the l i n e . The baseline i s the mean of the pre-exposure 
readings. The readings begin at about 6 .5 degrees which 
strongly suggests that i f readings had begun immediately 
after the exposure period they would have shown complete 
adaptation to the eleven-degree prism displacement. 
Ihe_d»c.ay_o.f_the_e£fjMt_t^ 
took about f i v e minutes compared with the decay period of 
15 minutes recorded by Hamilton and Bossom (1964) with a 
quite different exposure condition. These decay times 
are of interest i n that they show that, whatever may be 
the necessary conditions for the establishment of new spat-
i a l habits, the old overlearnt structure i.s re-established 
quite rapidly and apparently without any need for spatial 
information. On the other hand even the briefest glimpse 
of the subject's own body or hand causes an immediate and 
dramatic destruction of the effect. 
The head and body were held stationary i n t h i s experi-
ment and a control condition i n which the eyes fixated a -
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point 30° from the median sag i t t a l plane produced no effect. 
• 
Hence Hein's (1965) criticisms of Wallach et. a l . (1963) 
should not apply i n the present case. 
In another condition the feet were seen through two 
dove prisms which rotated the optical array by about 3 0 ° . 
But no change i n the torsional position of the eye was 
detected, nor indeed was there any change reported i n the 
apparent orientation of the feet, despite the fact that 
adaptation has been .found to occur i n t h i s situation 
(Ebenholtz, I 9 6 6 ) . 
The main conclusion from the experiment i s that adap-
ta t i o n , as measured by the apparent straight ahead position 
of the eyes can result from the intersensory c o n f l i c t 
generated when an immobile observed looks at h i s own feet 
through displacing priBms.' 
182. 
EXPERIMENT 3(c). 
The purpose of the experiment was to determine whether, 
i n an observer without either skeletal or eye movements, 
adaptation of pointing behaviour can result from a purely 
exafferent c o n f l i c t , i n t h i s case between apparent track 
of a visually displaced approaching object and the t a c t i l e 
information about where i t collides with the observer. 
Method. 
Figure 3.4 shows the layout of the apparatus. The 
optical device consisted of two parallel mirrors which 
displaced the l i g h t from objects 2 inches to the l e f t before 
i t entered the l e f t eye. Mirrors were used rather than 
prisms, because they do not introduce any apparent curva-
ture, t i l t , or color fringes. The displacement i s pa r a l l e l 
rather than angular, which i s essential for the purpose; 
with prismatic angular displacement the apparent displace-
ment reduces to zero as the viewed object comes towards 
the subject. Mirrors have one disadvantage; they lengthen 
the optical path and hence reduce the apparent size (or 
increase the apparent distance) of the visual target. This 
means that where a series of visual targets i s used, as i n 
t h i s experiment, the apparent distance between the targets 
i s distorted and visuomotor co-ordination w i l l be disturbed 
accordingly. This disadvantage was overcome by introducing 
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a lens Bystem which magnified the displaced visual image 
to a size corresponding to i t s distance. 
The rod consisted of a r i g i d wooden bar, the f i r s t 
14 inches of which had f i v e pea .bulbs countersunk into 
the top surface at intervals of 3is" inches. The rod was 
mounted horizontally i n the s a g i t t a l plane and could be 
moved towards the dentre of the subject's l i p s . As seen 
through the mirrors, however, i t appeared as i f i t would 
h i t the face 2 inches to the l e f t of the mouth. Nothing 
could be seen but the l i g h t s on the rod and a stationary 
f i x a t i o n point. The l i g h t s used as visual targets i n the 
test condition were three fine 1-inch high l i g h t s l i t s 
Hispl-aoed—2—i-nches—apart—in t-he f r o n t a l plane at a dis-
tance of 17 inches from the subject. The centre l i g h t 
was i n the subject's objective median plane. 
The subject's#head was clamped i n a headrest, the 
r i g h t eye was always occluded. 
Each of the 20 subjects (10 male, 10 female) were 
subjected to two conditions. 
In Condition I , the subject was asked to look through 
the optical device and point to the target l i g h t . These 
appeared one at a time i n random order, 20 times i n . a l l . 
The subject was allowed to fixate the s l i t displayed, and 
the hand could not be seen. This i n i t i a l test established 
the pretraining deviation of the subject's pointing i n 
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r e l a t i o n to the displaced visual targets. He was then 
t o l d to remain s t i l l and to fixate a l i g h t .just above 
the rod, 12 inches away. The rod was then moved from a 
distance of 14 inches u n t i l i t h i t the subject on the 
l i p s . This was repented 20 times. The subject was then 
immediately retested on the pointing task. 
In Condition I I , the same procedure was employed 
except that i n the training} the rod did not quite touch 
the subject. The order of conditions was alternated over 
the subjects^with an interval of at least on?, week between 
conditions. 
Table 3.2. 
Mean error i n inches of pointing at target optically 
displaced 2 inches l a t e r a l l y , before and after being touched 
and not being touched. 
Not Being Touched Being Touched 
Before 1.94 2.15 
After 1.88 1.51 
Adaptation 0.06 0.64 
Results. ' 
The results are set out i n Tnble 1. The "being-hit" 
t r a i n i n g procedure produced a significant mean change i n 
pointing of 0.64 + 0.16 inches towards the actual position 
of the target l i g h t s , i . e . , about one t h i r d of the dis-
placement. This difference i s significant) t (19) = 
3.?i P < .001. 
The "not-being-hit" condition produced no significant 
mean change i n pointing. The size of the- effect did not 
d i f f e r between sexes-, nor between hands, though i t tended 
to be larger for the right hand. Nor did the effect vary 
-i-n—s-i-ze--f-rom—the -f-j-rs-t- -to -the- -last--set- -of--10--judgments.— _ 
Discussion. 
These results show that discordant exafferent stim-
ulation of an inaotive subject leads to sonje adaptation 
of pointing towards displaced visual targets. The effect 
could not have been due solely to the visually asymmetrical 
position of the rod, for t h i s was present i n Condition I I , 
where no adaptation occurred. The t a c t i l e stimulation was 
symmetrical, so that there was no need to have a control 
condition where the subjects were touched without being 
able to see the rod. Apparently a l l active movement was 
prevented, even convergence of the eyes. The subject was 
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thus more completely passive than i n the "passive" con-
ditions of Held and his associates and so once again the 
conclusion seems clear that provided the subject has 
information about sensory con f l i c t there i s the p o s s i b i l i t y 
of resolution. 
But there i s some doubt about the actual mechanism 
responsible for the adaptation. Since the "change i n 
judged direction of gaze" theory gained prominence i t has 
seemed l i k e l y that i t could explain-this result. The eye 
was f i x a t i n g a l i g h t actually above the rod i n the median 
plane and was therefore pointing at a v i r t u a l image two 
inches to the l e f t of the median plane. In the course of 
t r a i n i n g the subject came to regard his eye as pointing 
further to the r i g h t , i.e. closer to the median plane, 
since an object dir e c t l y below his point of f i x a t i o n con-
t i n u a l l y h i t him i n the mouth. Visual targets would thus 
be apparently displaced to the right which would account 
f o r the change i n pointing behaviour. 
I t now appears to t h * author that there i s a serious 
flaw i n t h i s argument and that the testing of an a l t e r -
native theory could uncover a new form of adaptation. 
The inconsistency i n the subject's suggested view of the 
situation late i n tr a i n i n g i s that he sees a rod passing 
below a point somewhat to the l e f t of his median plane 
which l a t e r strikes him at a point i n his median plane 
but during i t s v i s i b l e travel to that point i t moves only 
from right to l e f t across hie f i e l d of view. This i s 
normally an impossibility. The only way, normally, an 
object can follow a linear path from right to l e f t across 
the visual f i e l d and then strike the observer i n the mid 
l i n e i s i f the object i B viewed only by the right eye. 
So i t seems possible that the way i n which the subject 
constructs a consistent view of the situation i s by chang-
ing his assumption about which eye he i s using. This 
theory would equally well account for the change i n point-
ing behaviour. Some support i s lent to i t s possible oper-
ation i n the present experiment by the accident that the 
mirrors were two inches apart BO that the l e f t eye was" 
receiving what would have almost been the normal uninter-
rupted view of the right eye. 
No doubt when one eye i s occluded a subject i s , i n i -
t i a l l y at least, well aware of which eye i t i s . But the 
essential l a b i l i t y of utrocular discrimination i s amply 
demonstrated by the finding of Templeton and Green (1968) 
that a situation can be devised i n which subjects are 
unable to report, even after .training with feedback, which 
eye i s receiving a stimulus. I t i s therefore proposed to 
incorporate the techniques developed i n that study i n an 
extensive repeat of the adaptation experiment using d i f -
ferent degrees and directions of displacement, i n order 
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to t«Bt whether, even under very special conditions we 
are capable of resolving anomalous sensory inputs by 
effectively transferring inputs from one eye to the other. 
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CONCLUSION. 
Writing specifically about haptic space but with 
more general relevance Gibson (I966) states "clearly the 
three axis of behavioural ( s i c ) space must be anchored 
to environmental space i f behaviour i s to be adaptive 
and perception correct. This can be accomplished only 
i f there i s some sort of calibrating of the input from 
each sensory system with other information. The haptic 
straight ahead must, be the same as the visual B t r a i g h t 
ahead. The haptic v e r t i c a l must coincide with the visual 
.vertical... T.he_bx>_dy_ho.r.i.zont.al _mus.t_co.inci.d.e._.w.i.t.h—the_ 
visual horizontal. 
"How such a calibration i s accomplished i n the brain 
i s a problem. But there are experiments to suggest that 
a r**calibration occurs when prolonged abnormal information 
i s imposed on a perceptual system, and th i s may help us 
to understand the process. 
"There seems to be two logioal p o s s i b i l i t i e s . A 
perceptual system might normalize i t s e l f by some 
averaging process over time, taking the mean of i t s inputs 
as the c r i t e r i o n of straight ahead, of v e r t i c a l , and of 
horizontal. Or the brain might compare i t s inputs with 
those of another perceptual; system, taking the other 
information as the c r i t e r i o n f or recalibration. The former 
process would be one that occurs within the system; tha 
1 a t t a r would be one of reducing a discrepancy between 
systems, or what psychologists have c a l l e d a ' c o n f l i c t ' 
i 
of cues' between senses Perhaps both processes can 
occur - both spontaneous normalizing and cross-sensory 
reduction of discrepancy". 
These are the two processAB with which t h i s t h e s i s 
has been concerned. I n Chapter I wa rev:»w«d the evidence 
concerning the normalizing process i n one s p a t i a l dimension 
and presented evidence that i t was indeed an independent 
process and not simply a by-product of some mora fund-
amental v i s u a l phenomenon. Chapter I I looked at the same 
dimension from the point of view of the i n t e r p l a y of c r o s s -
model i n f l u e n c e s which determine i t s c a l i b r a t i o n and spec-
i f i c a l l y the manner i n which the process i s a f f e c t e d by 
the l o s s of relevant g r a v i t a t i o n a l information. Gibson's 
second process was the subject of Chapter I I I which con-
cerned the mutual c a l i b r a t i o n of v i s u a l and proprioceptive 
systems. He looked at. various ways i n which tha r e c a l i -
b r a t i o n occurs whan the systems give c o n f l i c t i n g information 
and presented evidence i n support of tha conclusion that 
the process i s probably determined simply by the nature 
of the information given by the two systems and i s not 
c r u c i a l l y dependent on any s p e c i a l condition Buch as s e l f -
produced movement. 
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